ENVI RONMENTAL PROTECTI ON AGENCY
40 CFR Parts 50 and 53
[ AD- FDL- 5103- 1]
Nati onal Anbient Air Quality Standards for Sul fur Oxides
(Sul fur D oxide) - Reproposa
AGENCY: Envi ronment al Protection Agency (EPA).
ACTI ON: Proposed rul e.
SUMVARY: The EPA today is proposing not to revise the
current 24-hour and annual primary standards but is also
soliciting coment on the possible need to adopt
addi ti onal regulatory nmeasures to address short-term peak
(S0O,) exposures and thereby further reduce the health risk
to exercising asthmatic individuals. The alternatives
under consideration include: revising the existing
nati onal anbient air quality standards (NAAQS) by addi ng
a new 5-mnute standard of 0.60 ppm 1 expected
exceedance; establishing a new regul atory program under
section 303 of the Cean Air Act to supplenent the
protection provided by the existing NAAQS, and augnenting
i npl ementati on of the existing standards by focusing on
t hose sources or source types likely to produce high 5-
m nut e peak SO, concentrations.

I ncluded in this docunent are proposals to
i ncorporate certain associ ated technical changes to the

requirenents for Anbient Air Mnitoring Reference and
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Equi val ent Met hods (40 CFR part 53) and ot her m nor
techni cal changes regarding the 40 CFR part 50
regul ati ons.
A rel ated docunent will be published shortly in the

Federal Register that proposes for comment the

requirenments for inplenenting the alternative regulatory
measures. Included in that docunent are technica
revisions to 40 CFR part 51 and 40 CFR part 58.

DATES: Witten comments on this proposal nust be
received by [Insert date 90 days fromthe publication of
of this docunent]. The EPA will hold a public hearing on
this notice in approximately 30 days. The tine and pl ace

wi || be announced in a subsequent Federal Reqi ster

docunent .

ADDRESSES: Submt comments on the proposed action on the
NAAQS (40 CFR part 50) (duplicate copies are preferred)
to: Ar & Radiation Docket Information Center (6102),
Room M 1500, Environnental Protection Agency, Attn:

Docket No. A-84-25, 401 M Street, SW, Wshi ngton, DC
20460. Comments on the proposed revisions to the Anbient
Air Monitoring Reference and Equi val ent Met hods (40 CFR
part 53) should be separated fromthose pertaining to the

standards and sent to the sane address, Attn: Docket No.
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A-94-42. These dockets are located in the Central Docket
Section of the U S. Environnental Protection Agency,
Sout h Conference Center, Room M 1500, 401 M Street, SW
Washi ngton, DC The docket may be inspected between 8
a.m and 5:30 p.m on weekdays, and a reasonable fee may
be charged for copying. For the availability of related
i nformation, see SUPPLEVMENTARY | NFORVATI ON.
FOR FURTHER | NFORVATI ON CONTACT: Part 50 Notice - M.
John H Haines, Air Quality Strategi es and Standards
Division (M>12), US. Environnental Protection Agency,
Research Triangle Park, N C. 2771, tel ephone (919) 54l-
5533. Part 53 Notice - M. Frank MEl roy, Atnospheric
Research and Exposure Assessnent Laboratory (MD-77), U.S.
Envi ronnmental Protection Agency, Research Triangle Park
N.C. 27711, tel ephone (919) 541-2622.
SUPPLEMENTARY | NFORNMATI ON:

Backgr ound

In 1971, the EPA pronul gated primry and secondary
NAAQS for sul fur oxides (nmeasured as SO ,). The
primary standards were set at 365 m crograns per cubic
meter (pg/ m® (0.14 parts per mllion (ppn)), averaged
over a 24-hour period and not to be exceeded nore than

once per year, and 80 pg/m 2 (0.030 ppm annual arithnetic
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mean. The secondary standard was set at 1300 pg/m 2 (0.5
ppn) averaged over a period of 3 hours and not to be
exceeded nore than once per year. |In accordance with
sections 108 and 109 of the Act, EPA reviewed and revised
the health and welfare criteria upon which these prinmary
and secondary SO, standards were based.

On April 26, 1988 (53 FR 14926), the EPA announced
its proposed decision not to revise these standards. 1In
that notice, the Adm nistrator also solicited conment on
an alternative of adding a 1-hour primary standard of 0.4
ppm The EPA al so sought comment on additional revisions
in the event a 1-hour standard was pronul gated. At that
time, the EPA al so proposed to revise the significant
harm | evel s, associ ated epi sode conti ngency plan gui dance
(40 CFR part 51), and the Pollutant Standard Index for SO
(40 CFR part 58). The EPA al so proposed revisions to
certain nonitoring and reporting requirenments (40 CFR
part 58).

On April 21, 1993, the EPA announced its final
deci sion that revision of the secondary standard was not
appropriate (58 FR 21351).

Availability of Related Information . The revised

criteria docunent, Air Quality Criteria for Particul ate
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Matter and Sul fur Oxides (three volunes, EPA-600/8-82-
029af -cf, Decenber 1982; Volune |, NTIS # PB-84-120401,
$36. 50 paper copy and $9.00 microfiche; Volune Il, NTIS #
PB- 84- 120419, $77.00 paper copy and $9.00 microfiche;
Volurme 111, NTIS # PB-84-120427, $77.00 paper copy and
$20.50 microfiche); the criteria document addendum
Second Addendumto Air Quality Criteria for Particul ate
Matter and Sul fur Oxides (1982): Assessnent of Newy
Avail abl e Health Effects Information (EPA/ 600/ 8-86-020-F,
NTI S # PB-87-176574, $36.50 paper copy and $9.00

m crofiche); the criteria docunent suppl enent, Suppl enent
to the Second Addendum (1986) to Air Quality Criteria for
Particulate Matter and Sul fur Oxi des (1982): Assessnent
of New Fi ndings on Sul fur D oxide Acute Exposure Health
Effects in Asthmatic Individuals (1994) (EPA-600/FP-
93/002); the 1982 staff paper, Review of the Nationa
Ambient Air Quality Standards for Sul fur Oxides:
Assessnent of Scientific and Technical |nformation (EPA-
450/ 5- 82- 007, Novenber 1982; NTIS # PB-84-102920, $36.50
paper copy and $9.00 microfiche); the staff paper
addendum Review of the National Anmbient Air Quality
Standards for Sul fur Oxides: Updated Assessnent of

Scientific and Technical Information (EPA-450/05-86-013,
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Decenber 1986; NTIS # PB-87-200259, $19.50 paper copy and
$9.00 microfiche) and the staff paper supplenment, Review
of the National Anbient Air Quality Standards For Sul fur
Oxi des: Updat ed Assessnent of Scientific and Technica
| nformation, Supplenment to the 1986 QAQPS Staff Paper
Addendum (1994) (EPA-452/ R-94-013) are avail able from
U S. Departnent of Commerce, National Technical
I nformati on Service, 5285 Port Royal Road, Springfield,
Virginia 22161, or call 1-800-553-NTIS. (Add $3.00
handl i ng charge per order.) A limted nunber of copies
of other docunents generated in connection with this
standard review, such as the control techni ques docunent,
can be obtained from U S. Environmental Protection
Agency Library (MD-35), Research Triangle Park, N. C
27711, tel ephone (919) 541-2777. These and other rel ated
docunments are al so available in the EPA dockets

identified above.
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Backgr ound

A Leqgi sl ati ve Requirenents Affecting This Rule

1. The Prinmary Standards

Two sections of the Act govern the establishnment
and revision of the NAAQS. Section 108 (42 U.S. C. 7408)
directs the Admnistrator to identify pollutants which
"may reasonably be anticipated to endanger public health
or welfare" and to issue air quality criteria for them
These air quality criteria are to "reflect the | atest
scientific know edge useful in indicating the kind and
extent of all identifiable effects on public health or
wel fare which may be expected fromthe presence of (a)
pollutant in the anbient air.

Section 109 (42 U. S.C. 7409) directs the

Adm ni strator to propose and pronul gate "primary" NAAQS
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for pollutants identified under section 108. Section
109(b) (1) defines a primary standard as one "the
attai nnment and mai nt enance of which, in the judgnent of
the Admi nistrator, based on the criteria and all ow ng an
adequate nmargin of safety, (is) requisite to protect the
public health.™

The U.S. Court of Appeals for the D.C. Circuit has
hel d that the requirenent for an adequate margi n of
safety for primary standards was intended to address
uncertainties associated with inconclusive scientific and
technical information available at the tinme of standard
setting. It was also intended to provide a reasonabl e
degree of protection agai nst hazards that research has

not yet identified. Lead I ndustries Association v. EPA |

647 F.2d 1130, 1154 (D.C. Cr. 1980), cert. denied, 101

S. C. 621 (1980); Anerican PetroleumlInstitute v.

Costle, 665 F.2d 1176, 1177 (D.C. Cr. 1981), cert.
denied, 102 S. C. 1737 (1982). Both kinds of
uncertainties are conponents of the risk associated with
pollution at |evels bel ow those at which human heal th
effects can be said to occur with reasonable scientific
certainty. Thus, by selecting primary standards that

provi de an adequate margin of safety, the Adm nistrator
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is seeking not only to prevent pollution |evels that have
been denonstrated to be harnful, but also to prevent
| oner pollutant Ievels that she finds pose an
unacceptable risk of harm even if that risk is not
precisely identified as to nature or degree.

In selecting a margin of safety, the EPA has
consi dered such factors as the nature and severity of the
health effects involved, the size of the sensitive
popul ation(s) at risk, and the kind and degree of the
uncertainties that nust be addressed. Gven that the
"margin of safety" requirenment by definition only cones
into play where no concl usive showi ng of harm exi sts,
such factors, which involve unknown or only partially
guantified risks, have their inherent limts as guides to
action. The selection of any particular approach to
provi di ng an adequate margin of safety is a policy choice

left specifically to the Admnistrator's judgnent. Lead

| ndustries Association v. EPA, supra , 647 F.2d at 1161-

62.

Section 109(d) of the Act (42 U . S.C. 7409(d))
requires periodic review and, if appropriate, revision of
existing criteria and standards. The process by which

the EPA has reviewed the original criteria and standards
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for sul fur oxides under section 109(d) is described in a
| ater section of this notice.

2. Rel ated Control Requirenents

States are primarily responsible for ensuring
attai nment and mai ntenance of anbient air quality
standards once the EPA has established them Under
section 110 (42 U.S.C. 7410) and part D of title I of the
Act (42 U S.C. 7501-7515), States are to submt, for EPA
approval, State inplenentation plans (SIP s) that provide
for the attainnent and mai ntenance of such standards
t hrough control prograns directed to sources of the
pol lutants involved. The States, in conjunction with the
EPA, al so adm nister the prevention of significant
deterioration program (42 U S.C. 7470-7479) for these
pol lutants. 1In addition, Federal prograns provide for
nati onwi de reductions in em ssions of these and other air
pol l utants through the Federal notor vehicle control
programunder title Il of the Act (42 U S. C. 7521-7574),
whi ch invol ves controls for autonobile, truck, bus,
not orcycle, and aircraft em ssions; new source
performance standards under section IIl (42 U S.C 7411);
Nati onal Em ssion Standards for Hazardous Air Pollutants

under section 112 (42 U. S.C. 7412); and title IV of the
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Clean Air Act Amendnents of 1990 (42 U.S.C. 7651-76510),
whi ch specifically provides for major reductions in SO ,
em ssi ons.

B. Sul fur Oxides and Existing Standards For SO ,
The principal focus of this standard review is on

the health effects of SO ,, alone and in conbination with
ot her pollutants. Qher sulfur oxide (SO ,) vapors (e.qg.
sul fur trioxide, SO ;) are not commonly found in the

at nrosphere. Information on the effects of the principal
at nospheric transformati on products of SO , (i.e., sulfuric
acid and sul fates) was considered in the review of the
particul ate matter standards and addressed in the
revisions to these standards pronul gated on July 1, 1987
(52 FR 24634); it will be considered again in the next
review of the particulate nmatter standards, the
commencenent of which was announced on April 12, 1994 (59
FR 17375).

Sul fur dioxide is a rapidly diffusing reactive gas
that is very soluble in water. It is emtted principally
from conbustion or processing of sulfur-containing fossil
fuels and ores. Sul fur dioxide occurs in the atnosphere
with a variety of particles and other gases, and
under goes chem cal and physical interactions with them

formng sulfates and other transformation products. At
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el evated concentrations, SO , can adversely affect human
health. Annual average SO , levels range fromless than
0.004 ppmin renote rural sites to over 0.03 ppmin the
nost pol luted urban industrial areas. The highest short-
termvalues are found in the vicinity (< 20 km of major
poi nt sources. In the absence of adequate controls,
maxi mum | evel s at such sites for 24-hour, 3-hour, and 1-
hour averages can reach or exceed 0.4 ppm 1.4 ppm and
2.3 ppm respectively. The origins, relevant
concentrations and potential effects of SO , are discussed
in nore detail in the revised criteria docunent (EPA,
1982a), in the staff paper (EPA, 1982b), in the criteria
docunment addendum (EPA, 1986a), and the staff paper
addendum ( EPA, 1986b).

On April 30, 1971, the EPA pronul gated the primary
NAAQS for SO, under section 109 of the Act (36 FR 8186).
The existing primary standards for sul fur oxides,
nmeasured as SO, are 365 pg/m3 (0.14 ppm, averaged over a
period of 24 hours and not to be exceeded nore than once
per year, and 80 pg/m?3 (0.030 ppnm) annual arithmetic mean.
The scientific and technical bases for the current

standards are contained in the original criteria
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docunment, Air Quality Criteria for Sul fur Oxi des (DHEW
1970) .

| npl enentation of SO, air quality standards by the
States and the EPA, together with fuel use shifts and
siting decisions notivated by changi ng econom ¢
condi tions, have resulted in substantial inprovenents in
ground |l evel air quality. Annual em ssions decreased
significantly between 1975 and 1982, from25.7 to 21.4
mllion nmetric tons/year. During the md to late
eighties and early nineties, however, annual em ssions of
SO, have remai ned basically the sane, at approximtely
20.6 mllion netric tons/year (EPA, 1993a).

Title IV of the Act, the acid rain program requires
that electric utilities reduce annual SO , em ssions by 10
mllion short tons (9 mllion netric tons) per year from
t he 1980 baseline of 23.3 mllion netric tons. This
reduction will be inplenented in two phases. The phase 1
reductions are to be acconplished by 1995, and the bul k
of the phase 2 reductions are to be acconplished by the
year 2000, with an expected annual em ssion rate of 16.38
mllion nmetric tons that year. Total expected reductions
fromtitle IVwIl result in an annual em ssion rate of

14.22 netric tons in the year 2015.
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Anmbient air SO, trends over the decade from 1983 to
1992 show a definite dowward trend, though the rate of
decline has slowed over the |last few years. Annual nean
SO, decreased at a nedian rate of approximtely 2 percent
per year, resulting in a total drop of 23 percent. The
annual second hi ghest 24-hour val ues over this sane tine
peri od decreased 31 percent, at an average rate of 4
percent per year (EPA, 1993a). The nost recent trends of
SO, neasured in the anbient air have continued to show
i nprovenent. Annual nean concentrations decreased a
total of 11 percent between 1990 to 1992. Over the | ast
2 years, the average annual nmean SO , decrease was 7
percent. Second maxi mum 24-hour SO , concentrations
declined 12 percent between 1990 and 1992 and 4 percent
bet ween 1991 and 1992 (EPA, 1993a).

C. Devel opnent of Revised Air Quality Criteria for

Sul fur Oxi des and Revi ew of the Standards: Devel opnent of

the Staff Paper

On COctober 2, 1979, the EPA announced it was
revising the original criteria docunent for sulfur oxides
concurrently with that for particulate matter to produce
a conbi ned particulate matter/sul fur oxi des (PM SOx)

criteria docunent (44 FR 56731). A nore conplete history
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of the revisions and addenda to the criteria docunment and
staff paper, as well as the text of all CASAC cl osure
letters, is presented in the 1988 proposal (53 FR 14926,
April 26, 1988). A brief synopsis appears bel ow.

The EPA provided a nunber of opportunities for
review and coment on the revised criteria docunent by
organi zations and individuals outside the Agency. Thr ee
drafts of the revised criteria docunent, prepared by the
EPA's Environnental Criteria and Assessnent O fice
(ECAO, were made avail able for external review (45 FR
24913, April 11, 1980; 46 FR 9746, Jan. 29, 1981; 46 FR
53210, Cct. 28, 1981). The EPA received and consi dered
nunmerous and often extensive comments on each of these
drafts, and CASAC has held three public neetings (August
20-22, 1980; July 7-9, 1981; Novenber 16-18, 1981) to
revi ew successive drafts of the docunment. Transcripts of
t hese neetings have been placed in the docket for the
criteria docunent (ECAO CD 79-1). In addition, five
public workshops were held at which the EPA its
consul ting authors and revi ewers, and ot her
scientifically and technically qualified experts sel ected
by the EPA discussed the various chapters of the draft

docunent and suggested ways of resol ving outstanding
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i ssues (45 FR 74047, Nov. 7, 1980; 45 FR 76790, Nov. 20,
1980; 45 FR 78224, Nov. 26, 1980; 45 FR 80350, Dec. 4,
1980; 46 FR 1775, Jan. 7, 1981). The comments received
were considered in the preparation of the final docunent.
A CASAC "cl osure" nenorandumindicating the Commttee's
satisfaction with the final draft of the criteria
docunent and outlining key issues and recomrendati ons was
i ssued in Decenber 1981.

Fol I om ng cl osure, a nunber of scientific articles
wer e published, or accepted for publication, that
appeared to be of sufficient inportance to the
devel opnent of criteria for the primary standards for SO
to necessitate an addendumto the criteria docunment. Two
drafts of the addendum were revi ewed by CASAC and nenbers
of the public in two public neetings (April 26-27, 1982;
August 30-31, 1982), and transcripts of the neetings have
been placed in the docket. The addendum was i ncl uded as
Appendi x A to Volune | of the criteria docunent (EPA,
1982a) when the docunent was issued on March 20, 1984
with the proposed revisions to the anbient air quality
standards for particulate matter (49 FR 10408, Mar. 20,

1984) .



19

As part of this process, the EPA's Ofice of Ar
Quality Planning and Standards (QAQPS) in the spring of
1982 prepared the first draft of a staff paper, "Review
of the National Anbient Air Quality Standards for Sul fur
Oxi des: Assessnent of Scientific and Techni cal
| nformati on- OAQPS Staff Paper.” The first draft and a
second draft of the staff paper were reviewed at CASAC
nmeetings on April 26-27, 1982 (47 FR 16885, April 20,
1982), and August 30-31, 1982 (47 FR 34855, Aug. 10,
1982), respectively, and transcripts of these neetings
have been placed in the docket (Docket No. A-79-28).
Nunmerous witten and oral comments were received on the
drafts from CASAC, representatives of organizations,

i ndi vi dual scientists, and other interested nenbers of
the public, and sone revisions engendered by these
comments are discussed in an August 5, 1982 letter to
CASAC (Padgett, 1982), as well as the executive summary
of the staff paper. The EPA rel eased the final QAQPS
staff paper (EPA, 1982b), upon receipt of the fornal
CASAC cl osure letter in August 1983 (Col dstein, 1983),
acconpanied by a mnority statenent by one nenber

(Hi ggins, 1983).
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In 1984, the Adm nistrator reviewed the standards in
light of the above informati on and deci ded, at that tine,
not to propose any revision of the standards.

In 1986, in response to the publication in the
scientific literature of a nunber of additional studies
on the health effects of SO , (as well as sonme new
particul ate matter studies), ECAO commenced a second
addendumto the PM SOx criteria docunent (51 FR 11058,
Apr. 1, 1986). An external review draft was nade
avail abl e for public conment (51 FR 24392, Jul. 3, 1986)
and CASAC held a public neeting on October 15-16, 1986 to
review the criteria docunment addendum (transcript in
public docket No. A-82-37). Wen devel opnent of a second
addendum of the criteria docunment was initiated in 1986,
QAQPS deci ded to simultaneously comrence an addendumto
the staff paper as well (51 FR 24392, Jul. 3, 1986). An
external review draft of the addendumto the staff paper
was al so issued, and the staff paper was reviewed at the
sanme public CASAC neeting at which the second addendumto
the criteria docunent was consi dered.

The CASAC sent a closure letter on the criteria
docunment addendumto the Adm nistrator dated Decenber 15,

1986, and another on the staff paper, dated February
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1987. The closure letter on the staff paper addendum
whi ch al so di scusses mmj or issues addressed by the CASAC
and the Commttee's recommendations, is reprinted in
Appendix 1 to this notice. The final addenda to the
criteria docunent (EPA, 1986a) and the staff paper (EPA,
| 986b), are available fromthe address |isted above.
Wiere there are differences between the 1982 criteria
docunment and staff paper and the nore recent addenda, the
addenda supersede the earlier docunents.

D. Rul emaki ng Docket

The EPA established a standard revi ew docket for
the sul fur oxides reviewin July 1979. The EPA al so
establ i shed a rul emaki ng docket (Docket No. A-84-25) for
the April 26, 1988 proposal as required by section 307(d)
of the Act. The standard revi ew docket (Docket No. A-79-
28) and a separate docket established for criteria
docunent revision (Docket No. ECAO CD- 79-1) have been
i ncorporated into the rul emaki ng docket.

1. Summary of the 1988 Proposed Decision Not to

Revi se the Current Standards

On April 26, 1988 (53 FR 14926), the EPA announced
its proposed decision not to revise the existing prinmary

and secondary SO, standards (neasured as SO ,). In
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reachi ng the provisional conclusion that the current

st andards provi ded adequate protection agai nst the health
and wel fare effects associated with SO , the EPA was

m ndful of uncertainties in the avail abl e evidence
concerning the risk that elevated short-term (< 1-hour)
SO, concentrations pose to asthmatic individuals
exercising in anbient air. Therefore, the EPA
specifically requested broad public comment on the
alternative of revising the current standards and addi ng
a new 1-hour primary standard of 0.4 ppm The notice

al so announced that if a 1-hour primary standard were
adopt ed, consideration would be given to replacing the
current 3-hour secondary standard (1,300 pg/m 23 (0.5 ppm)
with a 1-hour secondary standard set equal to the primary
standard, and adopting an expect ed-exceedance form for

all of the standards.

The EPA al so concluded in the April 26, 1988 noti ce,
based upon the then-current scientific understanding of
the acidic deposition problem that it would not be
appropriate, at that tine, to propose a separate

secondary SO, standard to provide increased protection

agai nst the acidic deposition-related effects of SO ,. The

noti ce added t hat when the fundanental scientific
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uncertainties had been reduced through ongoi ng research
activities, the EPA would draft and support an
appropriate set of control neasures.

The EPA al so proposed mnor technical revisions to
the standards, including restating the levels for the
primary and secondary standards in terns of ppmrather
t han pg/ m3, adding explicit rounding conventions, and
speci fying data conpl et eness and handl i ng conventi ons.
The EPA al so announced its intention to retain the bl ock
aver agi ng convention for the 24-hour, annual, and 3-hour
standards and proposed to elimnate any future questions
inthis regard by adding clarifying | anguage to 40 CFR
50.4 and 50.5. Based on its assessnent of the SO , health
effects information, the EPA al so proposed to revise the
significant harmlevels for SO , and the associ ated exanpl e
air pollution episode levels (40 CFR part 51). Finally,

t he EPA proposed sonme m nor nodifications to the anbi ent
air quality surveillance requirenments (40 CFR part 58).

The April 26, 1988 (53 FR 14926) notice sets forth
in detail the rationale for the proposals di scussed above
and provi des ot her background information.

[, Post pr oposal Devel opnent s

A. Ooportunities for Public Conmment




24

Fol |l owm ng the publication of the proposal, the EPA held
a public neeting in Washi ngton on June 10, 1988 to
recei ve comment on the April 26, 1988 proposal. A
transcript of the neeting has been placed in the public
docket (Docket No. A-84-25). On July 20, 1988, the EPA
announced an extension of the public conment period from
July 25, 1988 to Septenber 23, 1988 (53 FR 27362). The
EPA i ssued a second notice on Septenber 21, 1988 (53 FR
36587) to clarify that issues concerning block versus
runni ng averagi ng conventions should be fully aired in
the sul fur dioxide rulemaking initiated by the April 26,
1988 notice (53 FR 14926). At the sane tine, the EPA
extended the comrent period until Novenber 22, 1988 to
provi de anpl e opportunity for the public to comment.

B. Leqgi sl ative Activity

In July 1989, |egislative proposals for anmending the
Act were submtted to Congress. This initiative included
a conprehensive programto address the acidic deposition
problem After extensive deliberation, the 1990
Amendnents, including the title IV acid rain provisions,
wer e passed by Congress and signed into | aw by the
Presi dent on Novenber 15, 1990. As discussed earlier in

section |.B., and below, title IV of the 1990 Anendnents
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was devel oped specifically to address the acidic
deposition problembut will have an attendant benefit of
reduci ng SO,-rel ated health effects.

C. Litigation on Secondary Standard

Prior to the 1988 proposal, the Environnmental Defense
Fund and other plaintiffs had sued the EPA under section
304 of the Act to conpel review and revision of the NAAQS

for SO, under section 109(d) (1) of the Act, Envi r onnent al

Def ense Fund v. Reilly , No. 85 C. V. 9507 (S.D.N.Y.). In

response to a decision of the U S. Court of Appeals for

the Second Circuit in 1989, Envi ronnent al Def ense Fund v.

Thonmas, 870 F.2d 892 (2d Cir. 1989), the EPA and the
plaintiffs ultimately entered into a consent decree as an
alternative to further litigation. The decree required
the EPA to take final action by April 15, 1993 on the
secondary standard portion of the 1988 proposed

rul emaki ng.

D. Deci si on on Secondary St andard

A final decision under section 109 (d)(1) of the Act
that revision of the secondary standard was not
appropriate was signed on April 15, 1993 and was

published in the Federal Register on April 21, 1993 (58

FR 21351). The rationale for the decision is set forth
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in the April 21, 1993 notice. At that tinme it was al so
announced that when action was conpleted on the primry
standards portion of the 1988 proposal, the EPA woul d
deci de whether to adopt m nor technical changes di scussed
in the 1988 proposal

E. Litigation on Prinmary Standard

In 1992, the Anmerican Lung Associ ation sued the
EPA to conpel review and, if appropriate, revision of the

primary standards for SO ,, Anerican Lung Association v.

Browner , No. 92 - CV - 5316 (ERK) (E.D.N.Y.). The U.S.
District Court for the Eastern District of New York
subsequently issued an order requiring that the EPA by
Novenber 1, 1994: take final action on the 1988 proposed
deci sion not to revise the primary standards, or
repropose and take final action on the reproposal wthin
1 year after the close of the public comment period.

F. Suppl enentati on of the Criteria Docunent and the

St af f Paper

In response to the nore recent publication of
control |l ed human studies on the health effects of short-
term peaks of SO, on asthmatic individuals, the ECAO
commenced preparation of a supplenent to the second

addendumto the PM SO , criteria docunent in 1992. The



27
QAQPS prepared a draft of a supplenent to the staff paper
addendumto update its assessnent of the new information
contained in the Criteria Docunent Supplenent and to take
into account nore recent air quality and exposure
information. Initial drafts of these docunents were
conpleted in June, 1993. The EPA announced the
availability of an external review draft of both
docunents for public coment on July 30, 1993 (58 FR
40818), and the docunents were reviewed by the CASAC at a
public neeting on August 19, 1993. Reconmmended changes
were made, and revised drafts of both docunents were made
avail abl e for public conment (59 FR 11985, March 15,
1994). Both docunents were reviewed at a public CASAC
nmeeting on April 12, 1994. The CASAC provided its advice
and recommendations to the Adm nistrator in a letter
dated June 1, 1994 that is reprinted in Appendi x 2.

| V. Sunmmary of Public Comments as to Primary

St andards and Associ ated Techni cal Changes

The follow ng discussion sunmarizes in genera
terns the comments received fromthe public regarding the
key aspects of the April 26, 1988 notice as they pertain
to the primary standards and associ ated technica

changes. The individual comments have been entered into
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t he public docket (Docket No. A-84-25). For a sunmary of
public coments on the secondary standard, see 58 FR
21354, Apr. 21, 1993.

Extensive witten comments were received on the 1988
proposal. O sonme 90 witten subm ssions, 33 were
provi ded by individual industrial concerns or industry
groups, 14 by State, |ocal and Federal governnent
agenci es and organi zati ons, 14 by environnental and
public interest groups, and 29 by individual private
citizens. ! The comments on the key aspects of the Apri
26, 1988 notice pertaining to the primary standard and
associ ated part 50 technical changes are sunmari zed
bel ow.

A Current 24-hour and Annual St andards

Virtually all of the comments that specifically
addressed the adequacy of the current standards supported
the Admnistrator's 1988 finding that the current primary
SO, standards are adequate to protect the public health

fromthe effects associated with 24-hour and annual

The nunerical distribution of conments in each
category should be viewed with caution. Industry groups
typically submt conments on behalf of their nenber
conmpanies in |lieu of having each of their menber
conpani es sendi ng separate comments. Simlarly, comments
fromenvironnmental or other interest groups represent the
vi ews of a nunber of individuals.
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average SO, concentrations in the atnosphere. As

di scussed bel ow, the principal exceptions were the
comments submtted on the issue of the averaging
convention of the standards. These conmenters nmintai ned
that the current primary standards woul d not provide
adequat e protection agai nst adverse health effects if
measurenents of the currently prescribed concentration

| evel s were restricted to the bl ock averagi ng conventi on.

B. Aver agi ng Convention for the Current Standards

Comments on the Adm nistrator's decision to retain
t he bl ock averagi ng convention for the 3-hour, 24-hour,
and annual standards were sharply divided. The industry
comrents on this issue strongly supported the proposed
decision to retain the bl ock averagi ng convention as the
appropriate nethod for determ ning conpliance with the
current standards. |In support of this position, these
comenters typically took note of the text of the 1971
promul gation notice, the Air Quality Criteria for Sul fur
Oxi des (DHEW 1970), contenporaneous papers that
di scussed how t he nmeasurenents were to be collected and
anal yzed, and the fact that inplenentation of the
standards for the nost part has been based on bl ock

averagi ng. The environnental groups maintained, however,
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that the wording of the original standards clearly did
not preclude the use of the running averagi ng conventi on;
that the EPA's nonitoring capabilities, guidance, and
i npl ementation practice denonstrated that the standards
were not restricted to bl ock averagi ng; and accordingly
that the use of running averagi ng woul d not represent a
tightening of the standards. Several State agencies
supported the adoption of a running interpretation or
requested that the EPA remain silent so as not to
undercut the States' use of running averages, while other
States and municipalities supported the EPA s proposed
deci si on.

C. 1- Hour Standard Alternative

Di scussi on on this subject was highly polarized.
| ndustry groups and their representatives uniformy
opposed a short-term standard, while environnental
groups, private citizens, and nost State and | oca
agenci es that commented strongly favored the adoption of
such a standard. |Industry naintained that the clinica
studi es of asthmatics used to support the possible need
for a short-termstandard failed to show effects that
were of such medical significance as to be consi dered

"adverse" under the Act. Environnental groups argued
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that the effects seen were nedically significant and
"adverse" at concentrations below 0.5 ppm and called for
a standard to be set at |evels considerably below the 0.4
ppm 1-hour alternative that was presented for conment.
The nature of the comments were such that there was
virtually no consensus over the significance of effects
anong i ndustry, environnental groups, and the different
medi cal experts that comented on the issue.

In support of their position that a short-term
standard was not needed, industry groups placed great
wei ght on the results of the exposure anal ysis presented
in the April 26, 1988 notice. They nmintained that the
anal ysi s denonstrated that the current standards provided
consi derabl e protection agai nst short-term peak exposures
and that the remaining risk did not pose a significant
public health problem Sone environnental groups took
exception to the EPA's use of the exposure anal ysis.
They nmaintained that a | arge under-counting of exposures
occurred because the anal ysis did not address potenti al
exposures fromnonutility sources such as nonferrous
snelters, paper mlls, and petroleumrefineries. Sone
al so argued that the EPA's reliance on the exposure

analysis as a basis for retaining the existing standards
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was w thout |egal authority. These commenters were al so
critical of the Agency's use of typical activity patterns
and mai ntai ned that other aspects of the analysis were
deficient. |Industry groups generally supported the use
of exposure anal yses in the standard setting process and
mai ntai ned that the EPA's focus on utilities was
appropriate given that they are the |largest emtters of
SO..

Envi ronnmental groups and private citizens al so
expressed concern that the significance of asthma
epi sodes were bei ng downpl ayed and rai sed concerns about
exposures of children, who were dependent on adults for
medi cation and care. They were also highly critical of
the EPA's characterization of the nunber of asthmatics
(up to 100,000) potentially at risk to SO , peak exposures
as smal | .

State and | ocal agencies that commented nostly
supported the adoption of a short-term 1-hour standard.

Final ly, environnental groups maintained that the 1-
hour alternative would not protect against short-term 2-
to 10-m nute peak SO , concentrations. |In support of their
position, data were submitted showi ng that certain types

of SO, sources may have very high 5-m nute peaks (> 1 ppm
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and still have hourly averages bel ow 0.4 ppm even when
the current standards are being attained. One of the

i ndustry conmmenters al so noted that an averaging tine
shorter than 1 hour woul d be needed to protect against
very high 3- to 5-mnute peak SO , levels and cited an

i nstance where a 3- to 5-mnute peak of 3.7 ppmSO ,
occurred, yet the 1-hour average was only 0.29 ppm This
commenter went on to suggest, however, that such probl ens
woul d be better addressed through a properly designed
program under the authority of section 303 of the Act

rat her than through the adoption of a new short-term
anbient air quality standard.

D. O her _Changes to St andards

Whil e a nunber of comrenters favored the adoption
of a new 1-hour standard, little, if any, support was
voi ced for the associated revisions that the EPA
indicated it was considering if a 1-hour standard was
adopted. Few, if any, commenters supported the adoption
of an expected exceedance formfor all of the standards.
Wil e several comrenters recognized that a statistica
form had certain technical advantages, they expressed

concern that its adoption would reduce the protection
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af forded by the current 3-hour, 24-hour and annua
st andar ds.

E. Technical Revisions to 40 CFR 50.4 and 50.5

There was general support for the EPA's proposal to
restate the levels of the standards in terns of ppm
rat her than pg/ m2 and for adding explicit rounding
conventions and data conpl eteness and handling
conventions to the regul ati ons.

V. Rati onal e for Proposed Deci sions

A Basis for the Current 24-Hour and Annua

St andar ds

The rationale for retaining the current 24-hour
and annual primary standards was presented in sone detai
in the 1988 proposal (53 FR 14930, Apr. 26, 1988) and
remai ns unchanged. At that time, the EPA concl uded t hat
the current 24-hour and annual standards appeared to be
bot h necessary and adequate to protect human heal th
agai nst SO, concentrations associated with those averagi ng
periods. The EPA al so concluded that retaining the
current 24-hour and annual standards was consistent with
the scientific data assessed in the criteria docunent and
staff paper and their addenda and with the advice and

recommendati ons of the staff and the CASAC.
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The EPA again provisionally concludes, based on the
i nformati on assessed in the criteria docunent and staff
paper and their addenda, that the current 24-hour and
annual primary standards provi de adequate health
protection against the effects associated with those
averagi ng periods. In reaching this proposed deci sion,
the EPA takes note that the health effects information on
24- hour and annual SO , exposures renai ns |argely unchanged
since 1988. Wen newer information becones avail abl e and
has undergone the rigorous and conprehensi ve assessnent,
i ncl udi ng CASAC review, necessary for incorporation into
a new criteria docunent, it will provide the basis for
t he next periodic review of the 24-hour and annua
primary standards.

B. Consi deration of Short-Term Peak SO ., Exposures

A nunber of new studies have becone avail abl e
since 1988 that exam ne the potential health effects on
asthmati c individuals associated with short-term( < 1-
hour) exposures to SO ,. In view of these new studies and
ot her relevant new information, the EPA prepared a
"Suppl enent to the Second Addendum (1986) to Air Quality
Criteria for Particulate Matter and Sul fur Oxi des (1982):

Assessnment of New Findings on Sul fur D oxide Acute
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Exposure Health Effects in Asthmatic | ndividual s"
("Criteria Docunment Supplenment™) (EPA, 1994a) and an
associ ated staff paper supplenent "Review of the National
Ambient Air Quality Standards for Sul fur Oxides: Updated
Assessnment of Scientific and Technical Information -
Suppl enent to the 1986 OAQPS Staff Paper Addendunt
("Staff Paper Supplenment") (EPA, 1994b). These two
docunents, together with the 1986 addenda, provide the
primary basis for the EPA' s present assessnent of the
health effects and related information on short-termSO ,
exposures and the Admi nistrator's consideration of
appropriate regul atory responses. The di scussi on bel ow
summari zes the basis for considering alternative
regul atory responses to address the potential effects
associated with short-term peak SO , exposures.

1. Assessnent of Health Effects Associated with

Short-Term SO, Exposures

a. Sensitive Popul ations . It is clear that

heal t hy nonasthmatic individuals are essentially
unaf fected by acute exposures to SO , at concentrations
bel ow 2 ppm and do not constitute a popul ation of concern

for short-term acute SO , exposure effects.
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Based on the assessnment in the Criteria Docunent
Suppl enrent (EPA, 1994a), the EPA concludes that mld and
noderate asthmatic children, adol escents, and adults that
are physically active outdoors represent the popul ation
segnents at nost risk for acute SO , induced respiratory
effects. Individuals with nore severe asthmatic
condi ti ons have poor exercise tolerances; as a result,
they are very unlikely to engage in sufficiently intense
outdoor activity to achieve the requisite breathing rates
for SO,-induced respiratory effects to occur and therefore
maybe at sonewhat |ower risk. Wile current studies are
suggesti ve of greater SO , responsiveness anong those
asthmatic patients with nore severe di sease, this issue
cannot be unequi vocally resolved. However, because of
t he | ower baseline function in noderate and severe
asthmati c persons, especially those |acking optimnal
medi cation, any effect of SO , would further reduce their
lung function toward | evels that may becone cause for
medi cal concern (EPA, 1994a, p. 44).

Wiile it has been suggested that nonasthmatic atopic
i ndividuals may al so represent a broader popul ati on group
at increased risk (Wite, 1994; 53 FR 14931-14932, Apr.

26, 1988), other assessnents have not found evi dence
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establishing the atopic group to be particularly
responsive to SO, (EPA, 1994a, p. 52; EPA, 1994b, p. 10;
Linn et al., 1987).

b. Asthma. About 10 mllion people or 4 percent of
t he population of the United States are estimated to have
asthma (NIH, 1991). The true preval ence may be as high
as 7 to 10 percent of the popul ation (Evans et al.,
1987), because sone individuals with mld asthnma may be
unawar e that they have the disease and thus go
unreported. The preval ence is higher anong African-
Aneri cans, ol der
(8- to 1l1l-year-old) children, and urban residents
(Schwartz et al., 1990).

The Expert Panel Report fromthe National Asthma
Educati on Program of the National Heart, Lung and Bl ood

Institute (NIH, 1991) has recently defined asthna as "a
| ung disease with the follow ng characteristics: 1)
Airway obstruction that is reversible (but not conpletely
SO in sone patients) either spontaneously or with
treatnent, 2) airway inflammation, and 3) increased

ai rway responsiveness to a variety of stinmuli."” Common

synpt ons i ncl ude cough, wheezing, shortness of breath,

chest tightness, and sputum production. Asthma is
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characteri zed by an exaggerated bronchoconstrictor
response to many physical challenges (e.g., cold or dry
air, exercise) and chem cal and pharnacol ogi ¢ agents
(e.g., histam ne or nethacholine).

Daily variability in lung function nmeasurenents is a
typical feature of asthma, with the poorest function
(i.e., lowest forced expiratory volune in 1 second (FEV ))
and hi ghest specific airway resistance (SRaw) being
experienced in the early norning hours and the best
function (i.e., highest FEV , and | owest SRaw) occurring in
the m d-afternoon.

The degree of exercise tolerance varies with the
severity of disease. MId asthmatic individuals have
good exercise tol erance but may not tol erate vigorous
exerci se such as prolonged running. Mderate asthmatic
i ndi vi dual s have di m ni shed exerci se tol erance and
i ndividuals with severe di sease have very poor exercise
tolerance that markedly limts physical activity.

Exer ci se-i nduced bronchoconstriction is foll owed by
a refractory period of several hours during which an
asthmatic individual is | ess susceptible to

bronchoconstriction (Edmunds et al., 1978). This
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refractory period may alter an asthmatic individual's
responsi veness to SO , or other inhaled substances.

Data fromthe United Kingdom and United States
suggest an incidence rate of asthnma attacks requiring
medi cal attention of < 1 asthmatic patient-year. It is
estimated that the incidence rate of hospitalization due
to asthma for all asthmatic individuals in the United
States is about 45 per 1,000 asthnmatics per year (N H,
1991). Death due to asthma is a rare event: about one
per 10,000 asthmatic individuals per year. Mortality
rates are higher anong mal es and about 100 percent hi gher
anong nonwhites (EPA, 1994a).

In assessing the results fromthe controll ed hunman
exposure studies, it should be noted that the individuals
who participate in such studies typically have mld
all ergic asthma and can go w thout nedication altogether
or can discontinue nedication for brief periods of tine
i f exposures are conducted outside their normal allergy
season. In addition, African-Anerican and Hi spanic
adol escents and young adults have not been studied
systematically. Finally, subjects who participate in
control |l ed exposure studies are al so generally self-

selected and this may introduce sonme bias. Thus, the
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extent to which the participants in the studies reflect
the characteristics of the asthmatic popul ation at |arge
is not known. Nevertheless, the high degree of

consi stency anong studi es suggests that the subjects are
generally representative of the population at risk or
that any selection bias is consistently present across a
di verse group of |aboratories (EPA, 1994a).

C. Short-Term Health Effects . The basis for

consi deri ng whet her additional regulatory neasures are
needed to reduce the occurrence of short-term peaks of SO
rests primarily on the extensive literature involving
brief (2- to 10-mn) controlled exposures of persons with
mld (and in sone cases nore noderate) asthma to
concentrations of SO, in the range of 0.1 ppmto 2 ppm
while at elevated ventilation. The major effect of SO ,
sensitive asthmatic individuals is bronchoconstriction,
usual Iy evidenced in these studies by increased specific
ai rway resistance (SRaw) or decreased forced expiratory
volume (FEV,;), and the occurrence of clinical synptons
such as wheezi ng, chest tightness, and shortness of
breath. The magnitude of the response and |ikely
occurrence of synptons increase at higher SO ,

concentrations and ventilation |levels and are relatively

2

on
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brief in duration. Nunmerous studies have shown that |ung
function typically returns to normal for npbst subjects

wi thin an hour of exposure. No substantial "late phase"
responses have been noted for SO ,, unlike the case for
nmore specific stimuli (e.g., pollen, dust mtes, or other
all ergens) in which "l ate phase” inflamuatory responses
often occur 4-8 hours after exposure and are often nuch
nore severe and dangerous than earlier imediate
responses.

In a summary of the literature up to 1986 in the
Staff Paper Addendum (EPA, 1986b), the staff concl uded
that changes in lung function ( A SRaw 70 percent)
acconpani ed by synptons could be observed in sone free-
breat hing asthmatics at 0.4 ppm at "noder at e- heavy
exercise." At 0.5 ppm slightly larger functional
changes on individual and group basis were seen at
noder ate exercise ( A SRaw 50 - 100 percent), while at
0.6-0.75 ppm SO, functional changes and synptons coul d be
observed at |ight-noderate exercise ( A SRaw 120 - 260
percent), with the effects being judged "indicative of
clinical significance." Effects at 1-2 ppm SO , were seen
as even nore pronounced, ranging from"noderate" to

"I ncapacitating" for sone individuals (53 FR 14948, Apri
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26, 1988). As the concentration increases within the
range studied, effects are nore pronounced and the
fraction of asthmatic subjects who respond increases (53
FR 14947, April 26, 1988).

Since 1986 several new studi es have been published
provi ding pertinent information on: 1) The response of
i ndividuals with nore noderate asthna to SO , 2) the
duration of exposure necessary to provoke a response to
SO,, and 3) the effects of nedication on the SO , response.
Much of these data al so provide a nore thorough picture
of the magnitude of responses in the range of 0.4 to 1.0
ppm the range previously identified as being of interest
(53 FR 14948, April 26, 1988). Data from several of
t hese recent | arge-scal e chanber studies were reexam ned
to provide a better understandi ng of the response
observed in nore sensitive subjects. Forced expiratory
volunme in one second was used as a nmeasure of |ung
function, in addition to specific airway resistance, and
ot her endpoi nts exam ned i ncluded synptons, alteration of
wor kl oad, and nedi cati on usage occurring as a conseguence
of these exposures.

Table B-1 of the Criteria Docunment Suppl ement (EPA,

1994a) summarizes the |lung function changes in response
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to SO, concentrations in the range of 0.6 - 1.0 ppm from
control |l ed human exposure studi es. Because different
studi es used different neasures of lung function (FEV , or
SRaw), and different concentrations of SO , the discussion
that follows will describe group nean changes first for
the studies that used the neasure SRaw, then group nean
changes for studies that used FEV ,, and then finally the
i ndi vi dual responses.

The data indicate that, in terns of group nean
changes, total SRaw changes 2 were approximately tw ce as
great at 0.6 ppm and above as at 0.5 ppm and below. The

di fferences were even nore pronounced when the changes in

2 Since elevated ventilation sufficient for oronasal
breathing to occur is a requirenent for nost asthmatic
persons to respond to SO ,, and because many asthmatic
i ndi vi dual s experience bronchoconstriction responses to
exercise alone, it is useful to distinguish between the
two different effects. Any neasure of lung function such
as FEV, or SRaw can be expressed as the "Total FEV , or
SRaw, " which is the total change in lung function
experienced by the subject as a result of an exposure to
SO, whil e at exercise, or broken down to "the effect of
changes due to SO, al one,"™ which represents the total |ung
function change observed m nus the change seen for that
subject froma control exposure at exercise in clean air
Bot h nmeasures have their utility: total FEV , or SRaw
i ndi cates the nagnitude of overall lung function change
actual ly experienced by the subject, while the change due
to SO, al one indicates how nmuch of this total change is
attributable to the pollutant itself.
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airway resistance due to SO , alone (i.e., after correction
for the effects of exercise) were considered.

For FEV,, the difference in responses between 0.4 ppm
and 0.6 ppm SO, were not as pronounced. At 0.6 ppm SO ,,
group nean decreases in total FEV , of approximately 20
percent were observed in the mld and noderate asthmatics
studied. The changes in FEV , due to SO, alone resulted in
decreases in FEV , of approximately 15 percent (EPA, 1994a,
Table B-1).

In addition, at 0.6 ppm SO ,, 25 percent or nore of
t he subjects had pronounced individual responses (either
a 200 percent or greater increase in SRaw or a 20 percent
or greater decrease in FEV ,) due to SO, alone (tota
changes in lung function for these individuals would be
expected to be even greater). |In contrast, at < 0.5 ppm
SO, these nore pronounced individual responses were | ess
frequent, occurring in fewer than 25 percent of the
subj ects for both measures of lung function for all but
one group studied (EPA 1994a, p. B-2).

While not examned in as much detail as |ung
function, other indicators of severity also tend to
increase with increasing SO , concentration. For instance,

in one study, four of 24 noderate/severe asthmatic
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subjects were required to reduce their exercise |evel
because of asthma synptons at 0.6 ppm SO ,. This occurred
only once at each of the | ower concentrations (EPA,
1994a). Two recent studies which considered nedication
used to mtigate the effects of SO , as a heal th endpoi nt
and which followed the subjects' nedication use in
detail, found approximately tw ce as many subjects took
medi cation imediately after exposure to 0.6 ppm SO , than
after exposure to 0.3 ppm SO , (EPA, 1994a, Table 7, p.
40) .

Considering the variety of endpoints for which
information is available, clearly the effects begi nning
at 0.6 ppmand up to 1.0 ppm are nore pronounced than
those at | ower concentrations. This is in agreenent with
t he concl usions reached in the Staff Paper Addendum ( EPA,
1986b), which stated that there were "clearer indications
of clinically or physiologically significant effects at
0.6 to 0.75 ppm SO, and above" (53 FR 14947, Apr. 26,

1988) .

d. Significance of Effects . Opinions on the
significance of the effect expressed by CASAC and ot hers
have been wi dely divergent. Sone CASAC nenbers and

out side commenters feel that the responses reported in
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the range of 0.6 to 1.0 ppm SO , are not significant,
especially when viewed in the context of the frequency
Wi th which asthmatics ordinarily experience simlar
effects in the course of their daily lives. Qher CASAC
menbers and commenters strongly felt that
bronchoconstriction of the degree reported in this range
of exposure is of nedical significance and likely to
pl ace an exposed asthmatic at an unacceptable risk of
harm The frequency of SO, induced asthmatic epi sodes
relative to those provided by other stimuli (such as
cold/dry air or noderate exercise) would be expected to
vary fromone asthmatic individual to another and from
one | ocation to another. As such, the relative
contribution of SO, to acute episodes of asthma cannot be
precisely assessed. However, staff did conpare the
effects of SO, observed in the recent controll ed human
exposure studies to the effects of noderate exercise,
typical daily variation in lung function, and the
severity of frequently experienced asthma synptons. The
effects of 0.6 ppm SO , exposure at noderate exercise, as
measured by FEV ,, exceeded either the typical effect of
exerci se alone or typical daily variations in FEV | (EPA,

1994a, sections 4.3 and 5.3). For synptomatic responses,
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two to eight tines as many subjects after exposure at
exercise to 0.6 ppm SO , experienced synptons of at | east
noderate severity (13 -62 percent of subjects) than after
exercise in clean air alone (4 - 19 percent of subjects)
(EPA, 1994a, p. B-12). In addition, a significant
portion of subjects (approximately 15 to 60 percent,
dependi ng on asthma status) participating in certain
control |l ed human exposure studi es seened to experience
synptons nore frequently in response to 0.6 ppm SO , than
reported at any other tinme during the mgjority of the
weeks during which they participated in the study (EPA,
19944,
p. B-12).

Furthernore, the response seen in the nbost sensitive
25 percent of responders at 0.6 ppm equal ed or exceeded
approxi mately a 30 percent decline in FEV |, for mld
asthmatic subjects and approximately a 40 percent decline
for noderate asthmatic individuals. By conparison,
during clinical bronchoprovocation testing changes are
not usually induced beyond a 20 percent decrease in FEV ..

In addition, while at |east sonme subjects can
experience such a 20 percent decline w thout experiencing

synptons, in recent studies focusing on effects at 0.6
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ppm SO,, from 33 percent to 43 percent of nobderate
asthmatics and from6 percent to 35 percent of mld
asthmatics experienced at |east a 20 percent decrease in
total FEV, in conjunction with synptons rated as bei ng of
noderate severity or worse. Also deserving consideration
is the fact that noderate/ severe asthmatic subjects start
an exposure with conprom sed |ung function conpared to
mld asthmati c subjects. Thus, it is not clear that
simlar functional declines beginning froma different
basel i ne have the same bi ol ogi cal inportance (EPA, 1994a,
pp. 21-25).

In the Staff Paper Addendum "bronchoconstriction
acconpani ed by at |east noticeable synptons,” was
seen as an appropriate neasure of concern (EPA, 1986b, p.
37). However, a substantial proportion of the subjects

in these nore recent studies are experiencing greater
effects, bronchoconstriction wth at |east noderate

synptons, beginning at 0.6 ppm SO , (EPA, 1994a).

Consi dering the recent body of evidence along with
previous studies, the Criteria Docunent Suppl enment (EPA,
1994a) concluded that substantial percentages ( > 25

percent) of mld or noderate asthmatic individuals
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exposed to 0.6 to 1.0 ppm SO , during noderate exercise
woul d be expected to have respiratory function changes
and severity of synptons that distinctly exceed those
experienced as typical daily variation in lung function
or in response to other stinuli, such as noderate
exercise. The severity of effects for nmany of the
responders is likely to be of sufficient concern to cause
di sruption of ongoing activities, use of bronchodil ator
medi cati on, and/or possible seeking of nedical attention.
At nmost, only 10 to 20 percent of mld or noderate
asthmatic individuals are likely to exhibit lung function
decrenents in response to SO , exposures of 0.2 to 0.5 ppm
that woul d be of distinctly |arger magnitude than typical
diurnal variation in lung function or changes in |ung
function experienced by themin response to other often
encountered stinmuli. Furthernore, it appears likely that
only the nbost sensitive responders m ght experience
sufficiently large |ung function changes and/ or
respiratory synptons of such severity as to be of
potential health concern, that is leading to the
di sruption of ongoing activities, the need for
bronchodi | at or nedi cati on, or seeking of nedica

attention.
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Based on the staff's assessnment, a nunber of
additional factors are inportant in assessing the
significance of effects resulting from SO , exposures and
determ ni ng appropriate concentrations of concern.

Ti ne Course of Response. If an asthnmatic indivi dua

is at elevated ventilation and encounters a brief SO , peak
concentration, the onset of the effect can be very rapid
al t hough the response does not typically approach maxi mal
| evel s until 5 mnutes of exposure. For exanple, the
total lung function response froma 2-m nute exposure was
reported to be only 50 percent of that observed after 5
m nut es of exposure (Horstman et al., 1988). Bal nes
(1987) reported (in a nouthpi ece exposure study) the
response after 3 mnutes of exposure was 67 percent of
t hat observed after 5 mnutes. After 5 m nutes of
exposure the magni tude of the response does not appear to
significantly increase based on conparisons of |ung
function changes after 5-m nute and 10-m nute exposures
(Linn, 1983b; EPA, 1986b, p. A-1).

The response is also generally brief in duration;
numer ous studi es have shown that |lung function typically
returns to normal for nobst subjects within an hour of

exposure. This durationis simlar to that experienced
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in response to exercise and sonewhat |ess than
experienced in response to allergens (EPA, 1994b, p. 18).
Even if exposure continues beyond the initial 5-10

m nutes, lung function may still return to normal as |ong
as the subject ceases to exercise and their ventilation
rate decreases to resting |levels (Hackney et al., 1984,
Schachter et al., 1984).

Effect of Varying Tenperature and Humidity

Br oncho-

constriction in response to SO , and exercise is: (a)
Reduced by warm or hum d conditions, and (b) exacerbated
by cold or dry conditions. Thus, the observed effects
such as those descri bed above coul d be either nore
pronounced, |ess pronounced, or simlar depending on the
anbi ent conditions present during exposure at el evated
ventil ation.

Ef fect of Varving Ventilation Rate and Breathi ng

Mode. Another factor that can affect the nmagnitude of

the SO, i nduced response is ventilation rate. At higher
ventilation rates the responses are likely to be nore
pronounced at any given SO , concentration than those
observed at |ower ventilation rates. The effects of SO ,

increase with both increased overall ventilation rates
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and an increased proportion of oral ventilation in
relation to total ventilation (EPA 1986a, p. 11). Oal
ventilation is thought to accentuate the response because
t he scrubbing of SO, by the nasal passageways i s bypassed.
Based on its assessnent of the available data, the staff
concluded that the ventilation rates of concern begin at
35-50 L/mn, when nost individuals generally switch to
oronasal breathing.

Ventilation rates in the range of 35-40 L/mn are
conparabl e to ventilation rates induced by clinbing three
flights of stairs, light cycling, shoveling snow, I|ight
j oggi ng, or playing tennis, and can be induced in a
| aboratory by wal king at 3.5 nph up a 4 percent grade.
Ventilation rates in the range of 45-50 L/mn are
equi val ent to noderate cycling, choppi ng wood, |ight
uphi Il running, and can be induced by wal king at 3.5 nph
up an 8 percent grade (EPA, 1994b, p. 20).

Wiile the SO, effects reported for mld or noderate
asthmatic individual are likely to be nore pronounced if
an individual asthmatic is at a ventilation rate higher
than 35-50 L/mn (EPA, 1994b, p. 19), the avail able
activity and ventilation data indicate that individuals

engage in outdoor activities that induce ventilation
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rates of 35-50 L/mn only a small percentage of the tine
(EPA, 1994b, p. 20). Thus, it is unlikely that asthmatic
individuals in general would attain sufficiently high
ventilation rates (i.e., greater than 35 - 50 L/mn)
frequently enough to markedly increase the health risk
posed by peak SO, exposures.

Use of Medication . The extent to which an asthmatic

individual is already nedicated for protection agai nst

ot her bronchoconstriction inducing stinuli (e.g., cold

dry air, allergens, etc.) and thus woul d be protected

agai nst SO,, has been considered relevant in assessing (a)
the likelihood of experiencing a bronchoconstriction
response to SO, and, by extension, (b) the significance of
these effects (53 FR 14932, Apr. 26, 1988). The

avai l abl e data now i ndi cate that nost types of regularly
adm ni stered asthnma nedi cati ons are not very effective in
bl ocki ng the SO, response. The exception, however, is the
nost comonly used class of asthma nedications, the B-
synpat hom neti ¢ drugs (beta-agonist bronchodilator),

which are usually highly effective in preventing the SO ,
response fromdeveloping if taken shortly before

exposure.
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Prophyl acti c use of beta-agoni st bronchodilators to
prevent the effects of SO , requires either anticipation of
exposure or routine use prior to engaging in vigorous
outdoor activities. Wile sone asthmatic persons do
prenedi cate before exercise, available published data
suggest i nfrequent bronchodil ator use in general anong
mld asthmatic persons and a wi de range of conpliance
rates (fromvery lowto full) anong regularly medi cated
asthmatic persons as a whole (EPA, 1994a, section 2.2).
The staff's assessnent of this also found | ow use of
bet a- agoni st bronchodi | at ors anong asthmati ¢ subj ects
participating in some of the clinical studies evaluating
SO, effects, as well as the relative absence of routine
medi cation use before exercise anong such subjects (EPA,
1994a). G ven the infrequent use of nedication by many
mld asthmatic individuals and the poor nedication
conpliance of 30 to 50 percent of the "regularly
nmedi cat ed" asthmatic patients, it appears that a
substantial proportion of asthmatic subjects would not
likely be "protected" by nedication use frominpacts of
environnental factors on their respiratory health.
However, the frequency of use of nedication

(bronchodil ators) specifically prior to engaging in
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out door activity cannot be confidently extrapolated from
epi dem ol ogi ¢ data on nedi cati on conpliance. Thus, the
relative nunber of persons who may be protected by
medi cation prior to exercise is unclear (EPA, 1994a, pp.
9-10).

It al so should be noted that beta-agoni st
bronchodil ators are effective in aneliorating SO ,-induced
bronchoconstriction if an asthmatic individual has
i mredi ate access to such nedication after exposure.

Effect of G her Pollutants . It has been suggested

by one study (Koenig et al., 1990) that prior exposure to
ozone may result in greater SO , effects, at any given SO ,
concentration, than those reported in the controlled

human exposure studies that exam ned the effects of SO ,
alone. In the anbient situation, however, potenti al

ozone (Oj)-induced increases in SO , effects may be at

| east partially attenuated by the hot hum d weat her that

is often associated with elevated O , concentrations.

Dat a on whether prior nitrogen di oxi de exposure
produces an increased response to SO , are unclear, with a
nmout hpi ece study showi ng positive effects (Jorres et al.
1990), while a chanber study of younger subjects showed

no effects of NO, on responsiveness to SO , (Rubenstein et
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al., 1990). It appears that a pollutant that increases
nonspeci fic bronchial responsiveness may al so i ncrease
ai rway responses to SO , (EPA, 1994a, p. 48).

Epi dem ol ogi cal Evidence . Avail abl e epi dem ol ogi ca

studi es show no evidence of significant associations

bet ween either 24-hour or 1-hour average anbient air SO ,
concentrations above 0.1 ppmand increased visits to

hospi tal enmergency roons for asthma (EPA, 1994a, p. 52).
However, it is not clear to what extent epidem ol ogic
studi es coul d detect possible associati ons between very
brief (< 10-mnute), geographically localized, peak SO ,
exposures and respiratory effects in asthmatic

individuals. In the absence of such data, it is not
possi bl e to associ ate peak anbient SO , concentrations with
excess asthma nortality rates reported to be observed
anong nonwhi te popul ati on groups in |arge urban areas.

Fr equency of Exposure Considerations . Based on this

assessnent of the available health effects information,
the authors of the Criteria Docunent Suppl enment (EPA,
1994a) concluded that an inportant consideration in
determ ning the public health significance of the
reported SO, induced effects is the likely frequency that

an asthmatic individual woul d be exposed to a 5-mnute
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peak SO, concentration > 0.6 ppm Because asthmatic
i ndi vidual s nust be at el evated ventilation in order to
experience significant bronchoconstriction in response to
peak SO, concentrations, any anal ysis undertaken to
estimate the size of the asthmatic popul ati on potentially
at risk fromsuch exposures nmust account for both the
i kelihood that an asthmatic individual wll be outdoors
at sufficient ventilation and the |likelihood that he or
she will encounter an SO , concentration of concern.

2. Ar Quality and Exposure Consi derations

A central issue raised during the comment period
on the 1988 proposal concerned whether a 1-hour standard
of 0.4 ppm based on a typical peak-to-nean ratio of
approximately 2 to 1, would provi de adequate protection
fromhigh 5-mnute peak SO , | evel s near all sources.
Based on exam nation of nore recent data, the staff
concl uded (EPA, 1994b) that no typical peak-to-nean ratio
exi sts that can be used to determne a unifornly-
applicable hourly standard. G ven the broad range of
hourly val ues associated with 5-m nute peaks of SO , (EPA,
1994b, Table 3-2), it was concluded that reliance on any
hourly peak-to-nean ratio would risk over-controlling

sone sources (if a high peak-to-nean ratio is assunmed and
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a low hourly standard chosen) or under-controlling other
sources (if a | ow peak-to-nmean ratio is assuned and a
hi gh hourly standard chosen).

The available 5-mnute SO , data exam ned in the staff
paper suppl enent (EPA, 1994b, pp. 34-37) clearly indicate
that high 5-mnute peak SO , concentrations can occur with
sone frequency near sone sources. Absent conprehensive
data on 5-mnute peak SO , | evels, the staff used hourly
data to estimate the |ikely nationw de preval ence of high
short-term SO, peaks. The staff exam ned all hourly
averages reported in the AIRS database for the year 1992
and applied different peak-to-mean ratios to produce
upper and | ower bound estimates of 5-m nute peaks >0. 25
ppm The met hod used for cal culating the incidence of
short-term peaks is given in the Staff Paper Suppl enent
(EPA, 1994b). The |ower bound estimte of the nunber of
5-m nute peaks > 0.75 ppm SO, indicated that 50 nonitors,
in 38 counties which contained 18 urban areas, would
register at |east one 5-mnute peak of SO , > 0.75 ppm
The upper bound estimate was that 132 nonitors, in 91
counties with 65 urban areas m ght experience a short-
term peak of SO, > 0.75 ppm The sane anal ysis indicated

that 132 nonitors, in 91 counties containing 65 urban
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areas, would be the | ower bound estimate of the
occurrence of at |east one 5-m nute peak of SO , > 0.50
ppm  The upper bound estimate was that 247 nonitors in
148 counties with 124 urban areas m ght record at | east
one 5-mnute peak of SO, > 0.50 ppm This analysis al so
suggests that the nunber of nonitoring sites likely to
record nultiple high 5-mnute peaks in a single year, or
over several years, can vary considerably (EPA, 1994b
pgs. 41-42).

The use of existing hourly data to assess the
potential preval ence of 5-mnute peak SO , | evels has other
[imtations beyond those introduced by the use of peak-
to-nmean ratios. The existing nonitoring network is
designed to accurately characterize anbient air quality
associated with 3-hour, 24-hour, and annual SO ,
concentrations rather than to detect short-term peaks SO ,
levels. As a result, the EPA's nonitoring gui dance on
siting criteria, the spanning of SO , instrunents, and
i nstrument response tinme could |lead to underestimates of
hi gh 5-m nute peaks and thus the 1-hour averages for
hours contai ning those peaks. O these factors,
nmonitoring siting nmay be the |argest potential source of

underestimati on of SO , peaks and therefore changes in
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monitoring siting and density near SO , sources nost |ikely
to produce high 5-mnute peaks shoul d increase the nunber
of high 5-m nute peaks and associ ated 1-hour averages
recor ded.

In addition to estimating the occurrence of peak SO ,
levels in the anbient air, an inportant consideration in
assessing the public health significance of SO ,-induced
effects is determining the |ikely frequency that an
asthmatic individual will be exposed (EPA, 1994a, p. 51).
To address this issue, exposure anal yses have been
conduct ed that predict both the frequency of high SO ,
peaks (through air quality nodeling) and the probability
that an asthmatic individual will be outdoors at
sufficient ventilation (> 35 L/mn) to experience an SO ,-
i nduced effect. The nethodol ogi es enpl oyed in these
anal yses, together with the associ ated uncertainties, are
di scussed in sone detail in the Staff Paper Suppl enment
(EPA, 1994b, pp. 46-47, Appendix B)

These anal yses indicate that 68,000 to 166, 000
asthmatic individuals (or 0.7 to 1.8 percent of the total
asthmati c popul ation) potentially could be exposed one or
nore tinmes, while outdoors at exercise, to 5 m nute peaks

of SO, > 0.5 ppm Fewer asthmatic individuals are likely
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to be exposed to > 0.6 ppm SO, under the sanme conditions.
The estimated nunber of asthmatic individuals exposed one
or nore times results in an estimate of 180,000 to
395,000 total exposure events of which the utility sector
accounts for about 68,000. After full inplenentation of
the title IV programof the Act, in the year 2015, the
nunmber of exposure events at > 0.5 ppm SO, attributable to
the utility sector is estimated to drop to 40, 000,
conti ngent on tradi ng deci sions.

Based on the available air quality and exposure data
assessed in the Staff Paper Suppl enment (EPA, 1994b) and
sunmari zed above, the Admi nistrator concurs with the
staff and CASAC s views that the |ikelihood that
asthmatic individuals will be exposed to 5- to 10-m nute
peak SO, concentration of concern, while outdoors and at
exercise, is relatively | ow when viewed froma nationa
perspective. The Adm nistrator takes note, however, as
did the staff, that the data al so i ndicate high peak SO ,
concentrations can occur around certain sources or source
types (EPA, 1994b, p. 37) with sonme frequency, suggesting
that asthmatic individuals who reside in the vicinity of

such sources or source types nay be at greater health
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risk than indicated for the asthmatic popul ation as a
whol e.

C. Requl at ory Consi der ati ons

Taking into account the staff's assessnments and
t he advi ce and recomendati ons of the CASAC, the
Adm ni strator has consi dered whet her additional
regul atory neasures are needed to protect asthnmatic
i ndi vi dual s agai nst short-term (5- to 10-m nute) peak SO
exposures. In her judgnent, the current 3-hour, 24-hour,
and annual standards appear to provide substanti al
protection against the health effects associated with
short-term SO, exposures. As indicated by the air quality
anal yses descri bed above, the current standards, together
with inplenentation of title IV of the Act, narkedly
limt the frequency and extent of short-term
concentrations of concern. The exposure anal yses that
take into account normal day-to-day activity patterns
further suggest that the risk is relatively |ow that
individuals with mld or noderate asthma will experience
exposure conditions approxi mati ng those that produced
effects of concern in controlled human studies. In view
of those anal yses, the nature of the reported effects,

the effectiveness of bronchodil ator nedication to prevent
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or aneliorate SO, effects if avail able and properly used,
and the fact that simlar events can be provoked nore
frequently by other stimuli, the Adm nistrator concurs
with the staff's and the CASAC s assessnent that the
public health risk posed by short-termpeak SO , levels is
[imted when viewed froma national perspective and does
not constitute a broad national public health problem

The Adm nistrator is mndful, however, that the
avai | abl e data indicate that those asthmatic individuals
who reside in proximty to certain individual sources or
source types will be at higher risk of being exposed to
short-term peak SO, | evels than the asthnmatic popul ation
as a whol e. Wi | e sone ast hma specialists question the
health significance of the reported health effects, the
Adm ni strator notes that others believe the effects are
significant and that additional protection is warranted.
This information, conmbined with uncertainties regarding
t he use of bronchodil ator medication prior to exercise,
particularly anong asthmatic children and asthnatic
i ndi vidual s who may not perceive a need to nedicate
regularly prior to engaging in outdoor activities,
suggests to the Adm nistrator that additional regulatory

nmeasures nmay be needed.
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In their assessnent of the available scientific and
technical information, the EPA staff reconmended a range
of concern for the Adm nistrator's consi derati on when
exam ning the potential need for new regul atory neasures
to provide additional public health protection beyond
that provided by the existing set of standards (EPA,
1994b). This range, based on the npbst recent assessnents
presented in the criteria docunent and staff paper
suppl enents and sumrari zed above, is 0.6 to 1.0 ppmSO ,
The staff's assessnent concluded that a substanti al
percentage (20 percent or nore) of mld to noderate
asthmati c individuals exposed to 0.6 to 1.0 ppmSO , for 5
to 10 m nutes during noderate exercise woul d be expected
to have respiratory function changes and severity of
respiratory synptons that clearly exceed those
experienced fromtypical daily variation in lung function
or in response to other stimuli (e.g., noderate exercise
or cold/dry air). For many of the responders the effects
are likely to be both perceptible and thought to be of
sonme i medi ate health concern, i.e., to cause disruption
of ongoing activities, use of bronchodil ator nedication,
and/ or possibly seeking of nedical attention. At SO ,

concentrations at or below 0.5 ppm the staff concluded
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that at nost only 10 to 20 percent of mld and noderate

asthmati c individuals exposed to 0.2 to 0.5 ppm SO , during

noderate exercise are likely to experience |lung function

changes distinctly larger than those typically

experi enced and that, conpared to the response at 0.6 to

1.0 ppm SO,, the response at or below 0.5 ppm SO , is |ess

likely to be perceptible and of immedi ate health concern.
In considering the staff's nobst recent assessnent of

t he available health information, the Adm nistrator found

it to be generally consistent with the staff's 1986

review. During both reviews there has been divergent

opinion as to the appropriate level for the | ower bound

for the range of concern. Both assessnents, however,

concluded that 1.0 ppm SO , is the appropriate upper bound.

At that level there is clear concern that if an asthmatic

i ndividual is exposed while at exercise to 1.0 ppm SO , for

5 mnutes the risk of significant functional and

synptomati c responses will be high. This finding in 1986

| ed several CASAC nenbers to recommend a 1-hour standard

| evel that would restrict the concentration of 5-mnute

SO, peaks to 0.6 to 0.8 ppmin order to preclude 5-mnute

peaks of 1.0 ppm SO , (Li ppmann, 1987). The Adm ni strat or
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finds the staff's present recomendati ons consistent with
t hat point of view

The Adm nistrator also took note that the current
CASAC revi ew panel, while acknow edgi ng the existence of
a w de spectrum of views anong asthma specialists
regarding the clinical and public health significance of
the reported effects, did not comment on the range of
concern or present the individual panel nenbers' views as
to the significance of the reported effects inits
“closure"” letter. At the April 12, 1994 "cl osure”
nmeeting, however, the panel found that the range
reconmended by the staff was consistent with the
avail able scientific information. Three nenbers of the
panel who addressed the public health significance of the
reported effects in their witten coments concl uded t hat
segnents of the asthmatic popul ati on exposed to peak SO ,
concentrations while at elevated ventilation were at risk
of incurring clinically significant effects if not
properly nedicated. While the basis for their judgnents
differed, their views as to the 5-mnute concentrations
of concern overl apped (0.4 to 0.8 ppm SO ,; above 0.6 ppm
SO,; and 0.6 to 1.0 ppm SO ,) and are in general agreenent

with both the 1986 and 1994 staff assessnents. On the
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ot her hand, another panel nenber who addressed the
general issue, while recognizing that SO , can cause
bronchoconstriction, questioned the public health
significance of short-term peak SO , exposures, based in
part on his judgnment that the Iikelihood of an asthmatic
i ndi vi dual being exposed while at exercise is exceedingly
| ow given the protection afforded by the existing
standards. In its closure letter, the CASAC expressed
the view that such exposures are rare events and that the
i kel i hood of such exposures should be considered in
sel ecting an appropriate regul atory response.

Based on its assessnent of the avail able data, the
staff recomrended consideration of three regul atory
alternatives: 1) Revising the existing NAAQS by adding a
new 5-m nute standard inplenented through a risk-based
targeted strategy, 2) establishing a new regul atory
program under section 303 of the Act, or 3) augnenting
the inpl enentation of current NAAQS by focusing on those
sources likely to cause high 5-m nute peaks. In
consi dering these alternatives, the Adm nistrator has
taken into account the divergent views expressed by the
public, asthma specialists, and the CASAC with respect to

the public health significance of short-term SO , exposures
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and the appropriate degree of protection needed. In
doing so she is mndful that in the absence of concl usive
scientific and technical information, the Act requires
that the Adm nistrator nake a judgnental determ nation as
to whether the reported effects endanger public health
and pose an unacceptable risk of harm At the April 12,
1994 CASAC neeting and in witten comment, individua
menbers of the 1994 CASAC panel recogni zed that choosing
anong the regulatory alternatives presented in the staff
paper suppl enent nust be guided by | egal and policy
consi derations, given the nature of the avail able
scientific and technical information and the divergent
views as to the health significance of the reported
effect and the pollution | evel of concern.

The Adm nistrator therefore is proposing for public
comment three alternative regul atory approaches for
suppl enenting the protection provided by the current
standards if additional protection is judged to be
necessary. In so doing, the Adm nistrator has carefully
consi dered the 1994 CASAC revi ew panel's strong
recomendation that any additional regulatory neasures be
i npl emented through a risk-based, targeted strategy.

Consistent with this recomendation, all three regul atory
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al ternatives under consideration, as described below, are
based upon such a strategy. The Adm nistrator believes
it isinportant to air the key issues and uncertainties
fully and specifically requests broad public comment and
del i beration on these alternatives.

1. 5-M nute NAAQS Alternative

After considering the staff's recommendati ons and
the views of the 1986 and 1994 CASAC revi ew panel s, the
Adm nistrator believes that it is both appropriate and
necessary to solicit public comment on a 5-m nute NAAQS
of 0.60 ppm SO,. Based on the staff's assessnents of the
avai l abl e scientific and technical information, the
Adm ni strator is concerned that 5-mnute peak SO , levels
begi nning at 0.60 ppm and above nay present an
unacceptable risk of harmto asthmatic individuals who
have not prenedi cated with beta-agonist bronchodil ators
and are exposed at elevated ventilation. |In proposing a
5-m nute NAAQS, the Administrator is particularly
concerned that asthmatic individuals in the proximty of
sources with a high potential to cause or contribute to a
5-m nute peak SO, concentration greater than 0.60 ppm nmay
be at substantially greater risk of experiencing an

exposure event, which triggers bronchoconstriction, than
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the asthmatic popul ation as a whole. Adoption and
i npl ementation of a 5-m nute NAAQS of 0.60 ppm SO , would
prevent such exposures and further reduce the |ikelihood
that an asthmatic individual woul d be exposed at el evat ed
ventilation to | esser concentrations. Therefore, it is
the Admi nistrator's provisional judgnment that a 5-mnute
NAAQS of 0.60 ppm SO , woul d adequately protect the public
heal th

I n assessing the possible need for additiona
protection agai nst peak SO , exposures, the Adm nistrator
has considered the specific issue of nedication usage.
Wiile it is clear fromthe avail able data that the use of
bet a- agoni st bronchodilators to prevent the effects of
other stinmuli (e.g., exercise, cold/dry air) will also
prevent or aneliorate the effects of SO , there is
consi derabl e debate as to conpliance rates and therefore
the degree of protection provided. As one CASAC pane
menber noted, "many noderate asthmatics, particularly
those fromurban areas and | ower econom c status, may
have | ess than ideal nedical followup and are prone to
irregul ar nedication use and frequent deterioration”
(Schachter, 1994). 1In public conment on the 1988

proposal, a nunber of individuals nmade the point that
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asthmatic children, who are dependent on adults for their
nmedi cation and care, are nore likely to be unprotected
and therefore at particular risk fromSO , exposures of
concern. Oher commenters on the criteria docunent and
staff paper supplenents noted that asthmatic individuals
who do not perceive the need to nedicate prior to
engagi ng in strenuous outdoor activities would al so be at
increased risk fromSO , exposures. Wile the
Adm ni strator believes these are inportant
consi derations, the overriding issue is whether the
avai lability of, and reliance on, prophylactic
nmedi cati ons shoul d be viewed as an alternative to further
regul atory action to reduce the risk posed by high peak
SO, concentrations in the anbient air. |In this regard,
the Adm nistrator is concerned whether reliance on
medi cations, even if taken to prevent the effects caused
by other stinmuli, as an alternative to environnental
controls woul d be an appropriate public policy choice,
particularly given the potential environnmental equity
i ssues invol ved.

I n seeking comment on a possi ble 5-m nute NAAQS of
0. 60 ppm SO,, to further reduce the risk posed by high

peak SO, concentrations, the Adm nistrator concurs with



73

the staff's recommendati on that such a standard be
i npl emented through a risk-based targeted approach. By
focusing on those sources or source types that are nost
likely to cause or contribute to high 5-mnute SO ,
concentrations and thus pose the greatest risk to
asthmati c individuals, such a program woul d be effective
in reduci ng peak SO, concentrations of concern. In
response to questions raised by the 1994 CASAC review
panel, the Agency continues to believe that such a
program woul d be enforceabl e, based on its | ongstandi ng
enf orcenent experi ence.

The Admi nistrator recogni zes, however, as did the

1994 CASAC review panel 3, that the adoption of a 5-m nute

8 Inits "closure letter”, the 1994 CASAC panel
stated, "It was the consensus of CASAC that any
regul atory strategy to aneliorate such exposure be ri sk-
based - targeted on the nost |ikely sources of short-term
sul fur di oxi de spi kes rather than inposing short-term
standards on all sources. All of the nine CASAC Pane
menbers reconmmended that Option 1, the establishnment of a
new 5-m nutes standard, not be adopted. Reasons cited
for this recommendation included: the clinical
experi ences of many ozone experts which suggest that the
effects are short-term readily reversible, and typica
of response seen with other stinuli. Further, the
commttee viewed such exposures as rare events which wll
even becone rarer as sul fur dioxide em ssions are further
reduced as the 1990 anendnents are inplenmented. In
addition, the commttee pointed out that enforcenent of a
short-term NAAQS woul d require substantial technical
resources. Furthernore, the conmttee did not
t hi nk that such a standard woul d be enforceable .
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NAAQS m ght not be appropriate given the nature of the
probl em or the nost efficient means of achi eving the
desired reductions. Under sections 108 through 110 of
the Act, NAAQS and State plans to inplenent themare
designed to address air pollution problens that enmanate
from nunmerous and di verse sources whose col |l ective
em ssions contribute to unacceptable pollution |evels,
rather than froma limted nunber of discrete point
sources that cause only very localized pollution
probl ens. Mbdreover, the inplenentation process for a 5-
m nute NAAQS (described in detail in the 40 CFR part 51

docunent to be published shortly in the Federal Reqgister )

coul d i npose significant planning and other requirenents
on the States and the regulated community that are
neither very efficient nor necessary for addressing the
limted nunber of point sources that the EPA believes nay

produce high 5-mnute peak SO , levels. Wile the

To the extent CASAC comments about enforcenent of a
short-term NAAQS took into account such factors as cost
and technol ogical feasibility, the courts have held that
such factors are not appropriate considerations in the
establ i shnent or revision of NAAQS. The extent to which
these factors influenced the CASAC reconmendati on
regarding a 5-m nute NAAQS i s uncl ear.
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targeting strategy presented in the part 51 notice is
desi gned to reduce such burdens to the extent practicable
under the Act, the inplenentation process includes a
nunber of timnme-consum ng steps (e.g., area designations)
that are not particularly germane, given the nature of
the problem and could significantly delay effective
remedi ation. Wth these factors in mnd and in view of
her desire to provide such additional protection (beyond
the existing NAAQS) as nay be appropriate in the nost
efficient manner, the Adm nistrator is also advancing for
public comrent the alternative of establishing a new
control program based on sections 303, 110(a)(2)(G, and
301(a) of the Act.

2. Section 303 Program

As an alternative to a new 5-m nute NAAQS, the
staff recommended in the staff paper suppl enent that
consi deration be given to establishing a new regul atory
program under section 303 to suppl enent the protection
provi ded by the existing NAAQS. The staff recomended
that the new program establish a target |level for contro
in the range of 0.60 to 1.0 ppm SO ,, expressed as the
maxi mum 5-m nut e bl ock average in 1 hour, and that the

program be i npl emented through a risk-based, targeted
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strategy. This approach woul d suppl enent the existing
NAAQS by, in effect, placing a cap on anbient short-term
peak SO, | evels. Exceedance of this cap would lead to
source-specific control efforts designed to prevent
recurrence of such peak |evels, thus providing additional
protection to asthmatic individuals in proximty to the
source(s) invol ved.

Section 303 authorizes the Adm nistrator to bring
suits for injunctive relief or to issue appropriate
adm nistrative orders if air pollution |levels in an area
pose "an inmm nent and substantial endangernment to public
health or welfare, or the environnment." Al though section
303 is probably best known in connection with EPA
regul ations for the prevention of "energency episodes”
i nvol ving high concentrations of criteria pollutants (40
CFR part 51, subpart H), the Agency interprets it as
providing authority to act in a variety of circunstances,
i ncluding situations involving pollution concentrations
| oner than "energency” |levels and incidents involving
i ndustrial accidents or mal functions (EPA, 1983b, pp. 1-

2, 5).4 Section 110(a)(2)(G of the Act requires State

4Sim | ar provisions in other EPA statutes have been
simlarly construed (see, e.g., EPA 1993b (section 504 of
the C ean Water Act); EPA 1991 (section 1431 of the Safe
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i npl enmentation plans (SIP's) to contain authority
conparabl e to section 303 and adequate conti ngency plans
to inplenent that authority. As indicated above, the
program proposed in this notice would be based on both of
t hese provisions, as well as section 301(a) of the Act,
whi ch grants general authority to prescribe regul ations
necessary to carry out the functions of the
Adm ni strator.

Al t hough the proposed programwould differ in sone
respects fromthe approach adopted in the Agency's
"enmergency epi sodes” program it would be based on sone
of the sane fundanental concepts. The energency epi sodes
program was designed to suppl enent the NAAQS by providing
addi tional protection in situations not effectively
addressed by them i.e., in periods of air stagnation
when air pollution levels can build up to levels well in
excess of the NAAQS. Under the program SIP s are
required to include contingency plans that specify two or
nore stages of episode criteria--such as the alert,
war ni ng, and energency | evels specified in exanple

regul ati ons issued by the EPA--and progressively nore

Drinki ng Water Act); EPA 1983a (section 106(a) of the
Conpr ehensi ve Environnental Response, Conpensation, and
Liability Act)).



78

stringent abatenent actions, including shutting down
entire industries to the extent necessary, as pollution
| evel s advance from one stage to another (see 40 CFR part
51, subpart H and appendix L). The episode criteria and
associ ated abat enent actions are preventive neasures
designed to ensure that certain pollution concentrations-
-referred to as significant harmlevels (SHL's)--are
never achieved. °

Al t hough the Agency established SHL's for these
pur poses at concentrations associated with rel atively
severe health effects, the use of section 303 to protect
public health is not limted to situations involving such
extrene conditions. By design, the SHL's are | evels that
shoul d never be reached, and relatively drastic neasures
to prevent their occurrence, including court actions for
injunctive relief, are authorized at a | ower |evel,
usually the "energency" |evel (EPA, 1993b, pp. 4-5).
| ndeed, abat enment neasures may be required at even | ower
levels (1d.), both to prevent air quality levels from

deteriorating further (36 FR 20513, Cct. 23, 1971), and

SThi s preventive approach--conbining el ements of
rul emaki ng and advance pl anni ng--hel ps to avoi d sone of
the practical problens associated with attenpting to
address energency epi sodes by seeking injunctive relief
on an ad hoc basis.



79
to avoid | ess serious health effects that can occur at
those levels (39 FR 9672, 9673, Mar. 13, 1974).

Even where there is uncertainty about a threatened
harm the EPA interprets section 303 as authori zing
action where there is a "reasonabl e nedi cal concern”
about public health (EPA, 1983b, p. 4). More generally,
the courts have construed simlar provisions in other EPA
statutes liberally, indicating that action under themis
not limted to extrenme, extraordinary, or "crisis"
situations but may be based on circunstances posing a
"reasonabl e cause for concern that sonmeone or sonething
may be exposed to a risk of harm if renedial action is

not taken (see, e.g., US. v. Conservation Chemcal Co. ,

619 F. Supp. 162, 194 (WD. M. 1985); EPA, 1993b, pp. 10-
13 (CWA section 504); EPA, 1991, pp. 5-7 (SDWA section
1431); EPA, 1983b, pp. 2-5 (CAA section 303); EPA, 1983a,
pp. 8-9 (CERCLA section 106(a))). For these and ot her
reasons, the Agency believes that its authority to
address threats to public health or welfare or the

envi ronnent under section 303 is not limted to
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situations invol ving pollutant concentrations associ ated
with severe effects. ©

Li ke the energency epi sodes program the new section
303 program woul d attenpt to avoid the need for ad hoc
court actions by establishing a framework for renedi al
efforts in advance through the Agency's rul emaking
authority. However, because 5-m nute peak SO ,
concentrations of concern can occur rapidly, with little
or no prior build-up of SO , levels, and because such peak
concentrations are rel atively quickly dispersed, the
Agency believes that a section 303 program nodel ed
cl osely on the energency epi sodes program woul d not
provi de an effective response. Instead, the
Adm ni strator concurs with the staff recomendati on that

a health-based, anbient-air target or trigger |evel be

¢This conclusion is consistent with the legislative
hi story of section 303, as well as that of simlar
provisions in other EPA statutes (see, e.g., S. Rep. No.
91-1196, 91st Cong., 2d Sess. 35-36 (1970) (section 303
authority applies not only in situations involving
i ncapacitating body damage, irreversible body danage, and
increases in nortality but al so "whenever air pollution
agents reach | evel s of concentration that are associ ated

with . . . the production of significant health effects .
in any significant portion of the general
population™). It is also consistent with the steady

pattern of broadeni ng and strengthening of section 303
evident in all amendnents to the Act since 1967 see,
e.g., S. Rep. No. 101-228, 101st Cong., 1lst Sess. 370-71
(1989)).
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established if this alternative is selected, and that
sources that cause or contribute to exceedances of the
trigger level be identified and regul ated on a case-by-
case, source-specific basis to prevent 5-m nute peaks of
concern fromrecurring. Gven the nature of the problem
bei ng addressed, the trigger |evel would need to be
preventive in nature; that is, it would need to be set at
a level designed to ensure that pollution |evels that
m ght pose a significant risk to the public health would
not occur in the anbient air.

If this alternative is selected, it is the
Adm ni strator's provisional judgnent, based on her
assessnment of available health information and for the
reasons di scussed above, that the appropriate trigger
| evel for the section 303 programwould be 0.60 ppm SO , as
nmeasured in the anbient air, so as to provide the sane
| evel and degree of protection as would be afforded by a
possi bl e new 5-m nute NAAQS. As discussed earlier, the
Adm nistrator is concerned that 5-m nute peak SO ,
concentrations of 0.60 ppm and above nay present an
unacceptable risk of harmto asthmatic individuals who
have not prenedi cated with beta-agonist bronchodil ators

and are exposed at el evated ventil ation.



82
The details of the proposed section 303 programw ||

be described in the Federal Reqgister in the docunent

concerning inplenmentation issues. Like the energency
epi sodes program the proposed programwould require
States to adopt SIP provisions containing necessary |egal
authority and contingency plans. Once a violation of the
trigger level proposed in today's notice was detected,
the State and the pertinent em ssion source(s) would need
to take steps to determ ne the cause of the violation,
and the source(s) would need to inplenent appropriate
remedi al actions to prevent recurrences of such
em ssions. The EPA woul d al so be able to take action,
either by enforcing the SIP provisions or directly under
its section 303 authority.

The proposed section 303 program woul d of fer several
di stinct advantages. It would provide an enforceable,
heal t h-based target to guide the actions of the regul ated
community, and it could be focused specifically on those
sources nost likely to cause or contribute to high 5-
m nut e peak SO, exposures. Once information becane
avai |l abl e that a source had caused or contributed to an
exceedance of the trigger |level, appropriate actions

could be initiated quickly. While sonme SIP revisions
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woul d be necessary for States to inplenent this program
nore tinme-consum ng aspects of the SIP process such as
desi gnations coul d be avoided. The EPA would al so be
able to take action directly if necessary. The
i kelihood that this program could bring about pronpt and
ef fective renedi ati on of problens causing high 5-m nute
peak SO, levels is a factor of considerable inportance to
t he Adm ni strator

(3) Retain Current Standards

The Adm nistrator has al so considered the staff's
third alternative of retaining the current set of
standards but augnenting their inplenmentation by focusing
on those sources that are nost |ikely to produce high 5-
m nute peak SO, levels. The targeting strategy and
i npl ementation plan will be discussed nore specifically

in the Federal Register docunent on inplenentation

i ssues. This approach would be ainmed at assuring that

t he existing standards were net through nore targeted
nmonitoring, including the routine collection and
reporting of 5-mnute data, and nore vigorous enforcenent
of existing regulatory provisions governing good
operating practices, upsets, and nmal functions. The

Adm ni strator believes that additional risk reductions
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can be achi eved by these neans, and the EPA is presently
taking steps to initiate such activities. In summary,
the EPA is requesting public conmment on three alternative
approaches for suppl enenting the protection provided by
the current standards against the health risk posed by
short-termpeak SO, levels if additional protection is
judged to be necessary. Gven the available scientific
and anal ytical data, the final selection of the nost
appropriate course of action will be based in |arge part
on policy and | egal considerations. To better informthe
Adm nistrator's final determ nation, the EPA specifically
requests public comment in several key areas. First, the
EPA requests the submttal of additional factua
informati on on the frequency of occurrence of 5-mnute
peak SO, levels in the anbient air, as well as information
on the source or source types and the nature of the
events that are nost likely to give rise to such peak SO ,
| evel s. Such information would assist in determning the
nost effective regulatory response. Second, throughout
the review there has been consi derable debate as to the
adequacy of the avail abl e exposure analyses. In |ight of
the uncertainties in these anal yses, the EPA requests the

subm ssion of data that would allow for better
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characterization of the asthmatic popul ation at risk and
of the frequency that an asthmatic individual would
likely be exposed to peak SO , concentrations, particularly
at levels of 0.60 ppm and above, while at el evated
ventilation. Third, of particular interest to the
Adm ni strator is the issue of the nedical significance of
the reported SO, i nduced effects. G ven the broad
di versity of opinion of the asthma specialists that have
participated in the review to date, the EPA specifically
requests other nmenbers of the nedical conmunity who are
experts in this area to submt their views on this
important issue. Finally, the EPA requests comment on
t he appropriateness of the 0.60 ppmlevel for 5-mnute
NAAQS and the section 303 program and whether a
numeri cal val ue bel ow or above 0. 60 ppm woul d be nore
appropriate to protect asthmatic individuals.

D. Aver agi ng Convention for the Standards

The averagi ng convention specifies the
interpretation of standards for a particul ar averagi ng
time (in this case, 3-hour, 24-hour, annual) wth respect
to when (tinme and day) the averaging period(s) begins and
ends. The two nmmjor alternative averagi ng conventions

are known as "bl ock” and "running." Under the bl ock
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convention, periods such as 24 hours and 3 hours are
measured sequentially and do not overlap; when one
averagi ng period ends, the next begins. For exanple, one
24- hour measurenent woul d be taken from m dni ght on day
one to mdnight on day two; the next woul d begin at

m dni ght on day two. Under the running convention,
measurenents are allowed to overlap. Thus, if one 24-
hour period were neasured from m dnight to mdnight, the
next m ght be neasured froml1l am to 1l am or from
12:01 a.m to 12:01 a.m Gven a fixed standard |evel,
runni ng averages woul d produce a sonewhat nore
restrictive standard (Faoro, 1983; Possiel, 1985).

Al t hough the wording of the original 24-hour, 3-
hour, and annual SO , standards was anbi guous on the
matter, the earliest actions of the EPA signify that the
bl ock averagi ng convention was intended for these
standards (QAQPS, 1986), and bl ock averages have

generally been used in inplenenting the standards. 7 The

‘Al t hough EPA generally does not specify use of a
runni ng average in evaluating SO , SIP s for attai nment and
mai nt enance of the NAAQS, running averages have been used
inalimted nunber of instances. |In the enforcenent
context, in cases where supplenentary control systens
(SCS) were used as an interimmneasure to protect the
NAAQS at primary copper snelters, consent decrees for
such facilities specified running average requirenents
see, e.g., US. v. Phelps Dodge Corp. G vil No. 81-088-
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use of running averages would therefore represent a
ti ghtening of the standards. Because the Adm nistrator
has determ ned, for the reasons explained in this notice
and in the April 21, 1993 notice on the secondary NAAQS
(58 FR 21351), that protection of the public health and
wel fare does not require tightening the existing
standards, the Adm nistrator proposes to retain the block
aver agi ng convention for the 24-hour, 3-hour, and annual
standards. To elimnate any future questions on this
aspect of the standards, clarifying | anguage is being
proposed in the regulation (40 CFR 50.4 and 50.5).

E. Form of the Current Standards

In revising the standards for ozone and
particulate matter, the EPA concluded that it would be
appropriate to nake technical inprovenents to the formin
whi ch the standards were expressed (44 FR 8202, Feb. 8,
1979; 52 FR 24653, July 1, 1987). These inprovenents
were enbodied in a revised statistical formfor the
standards, which was intended to maintain desired health
protection while inproving ease of inplenentation. The
decisions on the statistical formwere nade in

conjunction with decisions on the |level of the standard.

TUC-MAR (D. Ariz. filed Cctober 20, 1986)).
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The EPA has al so considered the alternative of expressing
the SO, standards in a simlar statistical form wth one
expect ed exceedance per year for the 24-hour and 3-hour
standards and expressing the annual standard as an
expected annual nean. The EPA exam ned the relative
protection afforded by the current standards if they were
expressed in statistical form (EPA, 1984a; Frank, 1987).
These anal yses found that the standards expressed in a
statistical formwould afford reduced protection agai nst
t he 24-hour, annual, and 3-hour health and wel fare
effects associated with these averagi ng periods and, in
addition, would significantly reduce the degree of
protection the existing set of standards provi des agai nst
5-m nute peak SO, exposures. Thus, adopting a statistica
formwoul d necessitate revisions to the |evels of the
exi sting 24-hour, 3-hour, and annual standards to
mai ntain the requisite level of protection needed. 1In
the judgnment of the Adm nistrator, the limted technical
advant ages of adopting a statistical formfor these
standards are not sufficient to warrant the
adm ni strative burden associated with such a change.

I n advancing the new alternatives of a 5-mnute

NAAQS and a section 303 programfor public conment,
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however, the Adm nistrator believes it is appropriate to
propose that they take a statistical formas recomended
by the staff. |In reaching a judgnent that a new 5-m nute
NAAQS of 0.60 ppm SO , or a new section 303 trigger |eve
of 0.60 ppm SO, may be needed to provide additional public
health protection, the Adm nistrator was cogni zant of and
took into account that these neasures woul d be expressed
in the statistical formwhen determning the |evel to be
proposed for each alternative. The EPA is, however,
requesting coment on whether nore than one expected
exceedance shoul d be allowed as suggested by the staff
(EPA 1994b, pp. 60-62). In seeking comment on this
guestion, the EPA is concerned that a single upset or
mal function during a day could cause nultiple exceedances
of the proposed 5-m nute standard | evel or the
alternative section 303 trigger |evel despite a source
operator's good faith and willingness to take pronpt and
ef fective abatenent action.

F. O her Techni cal Changes

The EPA is proposing to make sone m nor technical
changes in the part 50 regul ati ons concerning the SO ,
standards (Frank, 1988). First, the levels for the

primary and secondary NAAQS woul d be restated in ppm
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rather than pg/ m?3® (40 CFR 50.4 and 50.5). This would be
done to make the SO , NAAQS consistent with other

pol lutants and to i nprove understanding by the public.
The levels would be restated as follows: (a) The |evel
of the annual standard is 0.030 parts per mllion (ppm
(approximately 80 pg/m?3), (b) the |evel of the 24-hour
standard is 0.14 ppm (approxi mately 365 pg/m 3), and (c)
the level of the 3-hour standard is 0.5 ppm
(approximately 1300 pg/ m 3. Secondly, explicit rounding
conventions woul d be added (40 CFR 50.4 and 50.5). This
woul d aid State and | ocal air pollution control agencies
ininterpreting the standard. Finally, data conpl et eness
and handl i ng conventions woul d be specified (40 CFR 50.4
and 50.5). These conventions woul d be consistent with
the definitions used with ozone and woul d ensure that

om ssion or deletion of some hourly or 5-minute data will
not negate obvi ous exceedances (see 40 CFR part 50,
appendi x H for the equival ent ozone | anguage).

Vi . Federal Reference Methods and Equi val ent ©Met hods

The Federal Reference Method for neasuring anbi ent
concentrations of SO, set forth in appendi x A of part 50
i s not capable of providing 5-m nute average

concentration neasurenents. Even if it could, such a
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manual et hod woul d not be practical for 5-mnute
measur enent s because of the | arge nunber of individual
sanpl es that woul d have to be obtai ned and anal yzed.
Clearly, an automated, continuous nonitoring nethod
(equi valent nethod) is required for 5-m nute nonitoring.
This requirenent is innocuous, however, since the
reference nmethod is nowrarely used for routine field
nmonitoring, even for 3-hour or 24-hour neasurenents,
havi ng al ready been replaced with use of continuous,
i nstrunmental equival ent nmethods. Thus, no revisions are
proposed to the reference nethod.

Al t hough nost of these instrumental equival ent
nmet hods provide nom nally continuous SO , concentration
nmeasurenents, these measurenents are al nost universally
reduced to standardi zed hourly averages (bl ock averages,
by convention, as opposed to running or overl appi ng
averages) for purposes of recording, validation, storage,
interpretation, and use. (Longer-term averages are
conputed fromthe hourly averages.) Accordingly, the
performance of the instrunments is usually optim zed by
t he manufacturer toward production of hourly averages.
Specifically, the response of the analyzers may be

intentionally slowed to provide concentration
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measurenents that change nore slowy than the actua
i nput concentration. This "snoothing" filters random
fluctuations (noise), provides nore stable readings for
i nstrunment operators, aids calibration accuracy, and
facilitates nore accurate integration of the readings
into hourly averages.

When such instrunents are used to obtain 5-mnute
average concentration nmeasurenents, however, the sl owed
response often causes the neasurenents to underestimate
t he actual peak concentration of short-duration
concentration peaks (Eaton et al., 1991; Eaton et al.
1993). The degree of error is estimated to be froma few
percent to as much as 20 or 25 percent, depending on the
response tinme of the instrunent and the sharpness (height
to duration ratio) of the concentration peak. (The
snoot hed neasurenents correspondi ngly overestimate the
duration of the peak such that the peak is correctly
integrated for |onger averaging periods such as 1 hour.)

Fortunately, nore accurate 5-m nute average
concentration nmeasurenments can be obtained from nost of
t he equi val ent nethod anal yzers avail able currently by
relatively mnor nodifications to increase their response

times. These nodifications nmay include mnor electronic
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adj ustnments, substitution of nodified circuit cards or
software prograns, or increased flow rates, and the
nodi fications could also |likely be nade avail abl e for
exi sting anal yzers through either user or manufacturer
retrofitting. Prior to pronulgation of one of the
regul atory alternatives, SO , anal yzer manufacturers woul d
be infornmed of the new requirenents for faster response
time for both new and existing analyzers as may be
appropri at e.

Based on this assessnent, the EPA is proposing to
establish special, supplenental perfornance
speci fications that woul d be applicable to equival ent
nmet hod anal yzers used for 5-mnute SO , nonitoring. These
new performance specifications would be added to 40 CFR
part 53, which sets forth the provisions under which the
EPA desi gnates reference and equi val ent nethods for air
nmonitoring to determ ne attai nment of the NAAQS. Part 53
gives the quantitative perfornmance specifications and
other requirenents that a candi date nethod nust neet to
be designated as a reference or equival ent nethod, as
well as the detail ed test procedures by which the various

performance paraneters are to be neasured.
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Capability for accurate 5-mnute nonitoring requires
nore stringent specifications for certain perfornmance
paraneters than are required for 1-hour average
nmeasurenents. The primary performance specifications
t hat nmust be changed are those having to do with the
response tinme of the analyzer. These are the "rise tine"
and "fall time" specifications of part 53, which describe
the time required for the output neasurenment or signal of
the anal yzer to respond to increases or decreases,
respectively, in the input concentration. More
specifically, these tines are defined as the tine
required for the instrunent measurenent to reach 95
percent of the final, stable reading after a step
i ncrease or decrease (respectively) in the input
concentration. For 1-hour average SO , nmeasurenents,
anal yzer response can be relatively slow, the
specifications in part 53 for rise and fall tinme are both
15 mnutes. Typical rise and fall times of several
w dely used designated SO , equi val ent nethod anal yzers are
between 2 and 5 m nutes.

However, as noted previously, such an anal yzer may
underesti mate the actual 5-m nute average concentration

of a short-termconcentration peak by as nuch as 20 or 25
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percent, depending on the response tinme of the instrunent
and the nature (shape) of the concentration peak. To
provi de nore accurate 5-m nute nmeasurenents, the maxi num
rise and fall time specifications nmust be reduced to 2
m nutes or less. Accordingly, part 53 is proposed to be
anended by addi ng suppl enmental nmaxinmumrise and fall tine
specifications of 2 mnutes to be applicable to
desi gnat ed equi val ent nmethods for SO , that woul d be used
for 5-mnute nonitoring.

Anot her performance paraneter that is associ ated
with rise and fall tinme (and sonetinmes included in the
generic term"response tine") is "lag tinme," which
describes the tinme between the presentation of a step
change in the input concentration and the first
i ndication of the change in the nmeasurenent readings.

Al though the lag time represents a delay in the
presentation of concentration neasurenent readi ngs by the
anal yzer, technically it does not affect the ultinmate
accuracy or precision of 5-mnute neasurenents relative
to the accuracy or precision of 1-hour neasurenents.
Therefore, no supplenental lag time specification is

needed for 5-m nute nonitoring.
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The only other performance specification that is of
speci al concern for 5-minute nonitoring is the
measur enent range of the analyzer. Measurenents of 5-

m nute SO, concentrations in source-targeted areas where
hi gh short-term concentrati ons may occur would likely
require a higher nmeasurenent range than for nonitoring in
other areas. It is expected that a 1.0 ppm neasurenent
range woul d be adequate for nobst 5-m nute nonitoring
sites. However, accurate neasurenents require that the
nmeasured concentrati on not exceed the neasurenment range
during any portion of the 5-m nute averagi ng peri od.
Ther ef ore, neasurenent ranges higher than 1.0 ppm may be
needed at sone nonitoring sites.

Part 53 specifies a base neasurenent range of 0.5
ppm and permts alternative ranges up to 1.0 ppm Al
desi gnat ed equi val ent nmethods for SO , in wi de use today
have 1.0 ppm neasurenent ranges that are approved for use
under their equival ent nethod designations. Further, if
a higher range is needed at a particular nonitoring site,
provisions in 40 CFR part 58, appendix C, section 2.6
al I ow i ndi vi dual approval of ranges higher than 1.0 ppm
at sites where such a higher range is justified.

Accordingly, only a mnor change is proposed to part 53 -
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torequire a 1.0 ppmrange for equival ent nethods for SO
that woul d be used for 5-m nute nonitoring.

The currently existing rise and fall time and range
specifications in 40 CFR part 53 (for 1-hour average
nmeasur enents) are not proposed to be changed. Hence,

t here woul d be no change in the base requirenents in 40
CFR part 53 for designation of equival ent nethods for SO
The new, supplenental rise and fall tinme and range

speci fications being proposed woul d be applicable only to
desi gnat ed equi val ent met hods used for 5-minute
nmonitoring and woul d create a subset of SO , equival ent
nmet hods that would be additionally approved for 5-mnute
monitoring. Methods that neet all of the existing
performance specifications but not the suppl enental
specifications for rise and fall time and range woul d be
acceptable for all NAAQS nonitoring other than 5-m nute
monitoring. This situation would be simlar to that for
ot her performance paraneters where, for exanple, sone
desi gnat ed equi val ent nethods are approved for use on
mul ti pl e measurenment ranges or over a w der operating
tenperature range than the m ninumrange specified. 1In
all such cases, the additional perfornmance

qual i fications, over the m ninumrequirenents of 40 CFR
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part 53, are clearly identified and indicated in the
equi val ent net hod description. This description appears
in both the notice of designation published in the

Federal Register and in the List of Reference and

Equi val ent Met hods nmai ntained in accordance with 853. 8(c)
and distributed to the EPA Regional Ofices and to others
upon request.

Manuf acturers of new SO , anal yzers may redesign their
anal yzers to provide for additional ranges, faster
response, or capability for user-selection of these
paraneters. The test procedures to show that an anal yzer
neets the new suppl enental range and rise and fall tine
specifications for 5-mnute nonitoring are the sane range
and rise and fall tinme test procedures currently
described in 40 CFR part 53. Test results fromthese
tests would be submitted along with the results fromthe
other tests in an application for an equival ent nethod
determ nati on under 40 CFR part 53. A nmanufacturer of an
exi sting analyzer that is currently designated as an
equi val ent nethod for SO , but does not neet the new
suppl enent al specifications for range and rise and fal
time would be encouraged to devel op nodifications to the

anal yzer that would allow it to neet the new
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specifications. The manufacturer should then carry out
appropriate tests to denonstrate that the nodified
anal yzer neets the new specifications and apply for
approval of the nodifications under 853.14 (nodification
of a reference or equivalent nethod). Mnufacturers
shoul d note, however, that tests other than the range and
rise and fall tinme tests may have to be carried out,
since increasing the range or response tine could have a
possi bl e adverse effect on other performance paraneters,
such as noise and | ower detectable limt. Ideally, such
anal yzer nodifications should be nade available to users
inthe formof a retrofit kit for user installation, if
possible. Alternatively, the analyzer may have to be
returned to the factory for the nodifications to neet the
new 5-m nute nonitoring specifications.

No ot her changes to 40 CFR part 53 are deened
necessary to support the 5-mnute nonitoring requirenent.

VII. Requl atory | npacts

A Requl atory | npacts Adm ni strative Requirenents

Under Executive Order 12866 (58 FR 51713, Cct. 4,
1993), the EPA nust determ ne whether a regulatory action
is "significant" and therefore subject to OVB revi ew and

the requirenents of the Executive Order. The Order
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defines a "significant regulatory action” as one that is
likely to result in a rule that may:

(1) Have an annual effect on the econony of $100
mllion or nore or adversely affect in a material way the
econony, a sector of the econony, productivity,
conpetition, jobs, the environnment, public health or
safety, or State, local, or tribal governnents or
conmuni ti es;

(2) Create a serious inconsistency or otherw se
interfere with an action taken or planned by anot her
Agency;

(3) Materially alter the budgetary inpact of
entitlenent, grants, user fees, or |oan prograns or the
rights and obligations of recipients thereof; or

(4) Raise novel legal or policy issues arising out
of legal nmandates, the President's priorities, or the
principles set forth in the Executive O der

Pursuant to the terns of Executive O der 12866, it
has been determ ned that this notice is a significant
regul atory action because of its potential to have an
annual effect on the econony of $100 million or nore. As

such, this action was submtted to OMB for review.
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Changes nmade in response to OVB suggestions or
reconmendations will be docunented in the public record.

Summary of Requlatory | npacts

The EPA has prepared and entered into the docket a
draft regulatory inpact analysis (RIA) entitled
"Regul atory I npact Analysis for the Proposed Regul atory
Options to Address Short-Term Peak Sul fur D oxide
Exposures (June 1994)." This draft RI A includes
estimates of costs, econom c inpacts, and net benefits
associated with inplenentation of the regulatory
al ternatives discussed above. The proposed regul atory
action is intended to be inplenmented through a risk-
based, targeted nonitoring strategy given the | ocalized
nature of the short-term SO , problem Absent specific
i nformati on on which sources woul d be inpacted under this
i npl ementation strategy, nodeling is used to identify SO ,
sources likely to cause exceedances of either the 0.60
ppm SO,, 1 or 5 expected exceedance fornms of the standard.
Al t hough there are large uncertainties associated with
t he nodel i ng anal ysis, such analyses are currently the
only avail able tools for predicting sources of short-term
SO, peaks and estinmating associ ated control costs for

reduci ng peak, anbient concentrations. @Gven the
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nodel i ng uncertainties, as well as that the nodeling
anal yses are not reflective of the specific sources to be
targeted by States under a risk-based, targeted
i npl ementation strategy, the follow ng estimted inpacts
shoul d be viewed wi th caution.

Short-term SO, NAAQS Requl atory Alternative

The cost estimates for the short-term SO , NAAQS
regul atory alternative represent a snapshot of the
estimated total industry costs that could be incurred at
some unspecified tine in the future follow ng ful
i npl enmentation of a short-term SO , NAAQS. The costs are
based on the use of add-on control devices and fuel
switching to lower-sul fur fuels. G ven that EPA believes
that many sources will be able to reduce their peaks
t hrough ot her, nontechnol ogi cal neans, this assunption
may result in overstating costs. Wth this caveat in
m nd, nonutility annualized costs are estimated to be
approximately $250 mllion for an anbient SO ,
concentration |level of 0.60 ppm 1 expected exceedance.
Annual i zed costs for a 0.60 ppm 5 annual exceedance
concentration level are estimated to be approxi mately
$160 million. It is estimated that SO , will be reduced by

approxi mately 910 thousand tons, and 560 thousand tons
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for the 1 and 5 exceedance cases, respectively.
Incremental to the title IV requirenments and attai nment
of the existing SO, NAAQS, total utility annualized costs
in 2005 are estimated to be an additional $1.5 billion
for the 0.60 ppm 1 expected exceedance case, and $400
mllion for the 5 expected exceedance case. Estimted
total utility SO, em ssions in 2005 are not expected to
change given the title IV em ssions tradi ng program

Adm ni strative costs are estimated to be
approximately $18 million for the short-term NAAQS
regul atory alternative. Mnitoring costs are estinmated
to be m ninal.

Section 303 Requlatory Alternative

The section 303 regulatory alternative nay provide
for lower control costs at the national level relative to
the cost estimates for the short-term SO , NAAQS. First,
under the section 303 program sources would be all owed
to use intermttent controls and other practices normally
barred by section 123 of the Act (e.g., supplenental
control systens, stack height in excess of GEP) to
prevent exceedances of a 5-minute trigger level. These
types of controls are generally less costly to enpl oy

relative to add-on controls. Secondly, given the
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tinetables in the Act regarding SIP devel opnent and
attai nment of the NAAQS, it is probable that em ssion
reductions froma section 303 program coul d be achi eved
inanmre tinely fashion. While some SIP revisions wuld
be necessary for States to inplenent the section 303
program nore tinme-consun ng aspects of the SIP process
such as designations could be avoided. There is a
greater likelihood that the section 303 program coul d
bring about nore pronpt and effective renedi ation of high
5-mnute SO, concentration relative to the short-term
NAAQS alternative. In respect to total annual em ssion
reductions, it is likely that the section 303 program
woul d achi eve | ess em ssion reductions than a short-term
NAAQS program Administrative costs are expected to be
m ni mal as sone resource-intensive conponents of the SIP
process coul d be bypassed under a section 303 program
Li kewi se, nonitoring costs are estimated to be m ni mal .

Anal ysis of Potential Benefits

A quantitative analysis of the benefits of reducing
short-term SO, peaks through inplenmentation of the
regul atory options under consideration in this RIAis not

possible at this time. Results of a staff paper exposure
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anal ysi s conducted on a subset of SO , sources potentially
affected by this rul emaking i ndicate that as nany as
180, 000 - 395, 000 exposure events above 0.5 ppm SO , may
occur anong 68,000 - 166,000 exercising asthmatics
nationally every year. Moreover, this analysis shows
that there is a clustering of risk of exposure around a
subset of those SO, sources analyzed. It is expected that
reductions in short-term SO , peaks resulting fromthis
rul emaki ng could reduce potential risks of adverse
respiratory effects (e.g., bronchoconstriction, wheezing,
chest tightness, shortness of breath) anong exercising
asthmatic individuals that are potentially exposed to
these high 5-m nute SO , anbi ent concentrati ons.
Additionally, reductions in adverse welfare effects due
to SO, such as inprovenents in visual air quality and
reductions in ecosysteminpacts, odors, and materials
damage, and reductions in adverse health and wel fare
effects due to particulate natter nmay be achi eved as a
result of inplenenting the regulatory alternatives
considered in this notice today.

Afinal RRAw Il be issued at the tine of
promul gation of final standards. This draft RI A has not

been considered in issuing this proposal. |In accordance
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Wi th Executive Order 12866, this proposed rule was
submtted to OVMB for review Witten comments from OVB
and the EPA witten responses to these comments are
avail able for public inspection at the EPA's Central
Docket Section (Docket No. A-84-25), South Conference
Center, room4, Waterside Mall, 401 M Street, SW,
Washi ngt on, DC.

B. | npact on Small Entities

Pursuant to the EPA guidelines issued in response to
the Regulatory Flexibility Act, 5 U S.C., 600 et seq., a
regulatory flexibility analysis has been prepared and is
di scussed in the draft RIA cited above. The analysis
exam ned i ndustry-w de cost and econom c inpacts for
nonutility and utility sources of SO , emssions likely to
be inpacted by the regulatory alternatives discussed in
this notice. The EPA al so anal yzed various industries
for the existence of small entities. Gven data
[imtations and because the regulatory alternatives would
be i npl enented through a risk-based targeted strategy

described in the Federal Reqister docunent on

i npl ementation issues, it was not feasible to

guantitatively ascertain whether small entities within a
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gi ven industry category would be differentially inpacted
when conpared to the industry category as a whol e.

C. Reducti on of Governnental Burden

Executive Order 12875 ("Enhancing the
| nt ergovernmental Partnership”") is designed to reduce the
burden to State, local, and tribal governnents of the
cunul ative effect of unfunded Federal nandates, and
recogni zes the need for these entities to be free from
unnecessary Federal regulation to enhance their ability
to address problens they face and provides for Federal
agencies to grant waivers to these entities from
di scretionary Federal requirenents. In accordance with
t he purposes of Executive Order 12875, the EPA will
consult with representatives of State, local, and tri bal
governnments to informthem of the requirenents for
inplementing the alternative regul atory nmeasures being
proposed to address short-term peak SO , exposures. The
EPA wi |l summarize the concerns of the governnent al
entities and respond to their comments prior to taking
final action.

D. Envi ronnmental Justice

Executive Order 12898 requires that each Federa

Agency shall make achi eving environnmental justice part of
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its mssion by identifying and addressing, as
appropriate, disproportionately high and adverse hunan
health or environnental effects of its prograns,
policies, and activities on mnority and | ow i ncone
popul ations. The requirenents of Executive Order 12898
have been addressed in the draft RI A cited above.

On average, approximately 25 percent of the tota
popul ation and 14 percent of total households residing in
geographi c areas that are potentially inpacted by short-
term SO, peaks of 0.60 ppmor greater are nonwhite and
bel ow t he poverty | evel, respectively. These estimates
exceed the national averages of 19.7 percent and 12.7
percent, respectively. It also follows that, on average,
25 percent of the asthmatics potentially exposed to
short-term SO, peaks of 0.60 ppmor greater are nonwhite.
Upon cl oser exam nation, 44 percent of these potentially
SO,-i npacted areas have a nonwhite popul ati on greater than
the national average with 24 percent between 1 and 2
times greater, 10 percent between 2 and 3 tines greater,
7 percent between 3 and 4 tinmes greater, and 3 percent
between 4 and 5 tinmes greater

E. | npact on Reporting Requirenents
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Air quality nonitoring activities that woul d occur
as a result of this proposed rule would increase the
costs and man- hour burdens to State and | ocal agencies
for conducting anmbient SO , surveillance required by 40 CFR
part 58 and currently approved under QOVB Control Nunber
2060-0084. Increased costs would result fromthe
rel ocation of sone nonitors currently operated as part of
the State and Local Air Mnitoring Stations (SLAVE)
networ ks and fromthe purchase and operation of
additional nonitors in a small nunber of agencies (see
the rel ated docunent to be published shortly in the

Federal Register revising 40 CFR parts 51 and 58 for

i nformation on conpliance with Paperwork Reduction Act

requirenments).
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APPENDI X | to the Preanbl e

February 19, 1987

The Honorable Lee M Thonas

Adm ni strat or

U.S. Environnental Protection
Agency

Washi ngt on, DC 20460

Dear M. Thomas:

The Clean Air Scientific Advisory Comrittee (CASAQC

has conpleted its review of the 1986 Addendumto the 1982

Staff Paper on Sul fur Oxides ( Review of the Nationa

Anbient Air Quality Standards for Sulfur Oxides: Updated

Assessnent of Scientific and Technical |nformation)

prepared by the Agency's Ofice of Air Quality Planning

and Standards (OQAQPS).

The Committee unani nously concl udes that this
docunent is consistent in all significant respects with
the scientific evidence presented and interpreted in the

conmbined Air Quality Criteria Docunment for Particul ate
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Matter/ Sul fur Oxides (1982) and its 1986 Addendum on
whi ch CASAC issued its closure letter on Decenber 15,
1986. The Commttee believes that the 1986 Addendumto
the 1982 Staff Paper on Sul fur Oxides provides you with
the kind and anmount of technical guidance that will be
needed to nmake appropriate decisions with respect to the
standards. The Commttee's nmgjor findings and
concl usi ons concerning the various scientific issues and
studi es discussed in the Staff Paper Addendum are

contained in the attached report.

Thank you for the opportunity to present the
Conmittee's views on this inportant public health and

wel fare i ssue.

Si ncerely,

Morton Li ppmann, Ph. D.

Chai r man

Clean Air Scientific Advisory

Committee

CC: A. Janes Barnes
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SUMVARY OF MAJOR SCI ENTI FI C | SSUES AND CASAC

CONCLUSI ONS ON THE 1986 DRAFT ADDENDUM

TO THE 1982 SULFUR OXI DES STAFF PAPER

The Comm ttee found the technical discussions
contained in the Staff Paper Addendumto be
scientifically thorough and acceptabl e, subject to m nor
editorial revisions. This docunent is consistent in al
significant respects with the scientific evidence
presented in the 1982 conbined Air Quality Criteria
Docunent for Particulate Matter/Sul fur Oxides and its
1986 Addendum on which the Commttee issued its closure

|l etter on Decenber 15, 1986.

Scientific Basis for Prinmary Standards

The Conm ttee addressed the scientific basis for a
1- hour, 24-hour, and annual primary standards at sone
length in its August 26, 1983 closure letter on the 1982
Sul fur Oxides Staff Paper. That |etter was based on the

scientific literature which had been published up to
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1982. The present review has exam ned the nore recently

publ i shed st udi es.

It is clear that no single study of SO , can fully
address the range of public health issues that arise
during the standard setting process. The Agency has
conpl eted a thorough anal ysis of the strengths and
weaknesses of various studies and has derived its
recommended ranges of interest by evaluating the weight

of the evidence. The Committee endorses this approach.

The Committee wishes to comment on several nmjor
i ssues concerning the scientific data that are avail abl e.

These i ssues i ncl ude:

° Recent studies nore clearly inplicate
particulate matter than SO , as a longer-term

public health concern at | ow exposure |evels.

° A majority of Conmttee nenbers believe that the
effects reported in the clinical studies of
asthmatics represent effects of significant

public health concern.
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The exposure uncertainties associated with a 1-
hour standard are quite large. The relationship
bet ween the frequency of short-term peak
exposures and various scenari os of asthmatic
responses is not well understood. Both EPA and
the electric power industry are conducting
further anal yses of a series of exposure
assessnent issues. Such anal yses have the
potential to increase the collective
under st andi ng of the relationship between SO ,
exposures and responses observed in subgroups of

t he general popul ation.

The nunber of asthmatics vul nerable to peak
exposures near electric power plants, given the
protection afforded by the current standards,
represents a small nunber of people. Although
the Clean Air Act requires that sensitive

popul ati on groups receive protection, the size
of such groups has not been defined. CASAC
believes that this issue represents a

| egal /policy matter and has no specific

scientific advice to provide on it.
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CASAC s advice on primary standards for three

averaging times is presented bel ow

1-Hour Standard - It is our conclusion that a

| arge, consistent data base exists to docunent the
bronchoconstrictive response in mld to noderate
asthmatics subjected in clinical chanbers to short-
term low levels of sulfur dioxide while exercising.
There is, however, no scientific basis at present to
support or dispute the hypothesis that individuals
participating in the SO , clinical studies are
surrogates for nore sensitive asthmatics. Estinates
of the size of the asthmatic popul ati on that

experi ence exposures to short-term peaks of SO , (0.2
- 0.5 parts per mllion (ppm) SO , for 5-10 m nutes)
during light to noderate exercise, and that can be
expected to exhibit a bronchoconstrictive response,

varies from5, 000 to 50, 000.

The majority of the Commttee believes that the
scientific evidence supporting the establishnent of
a new 1-hour standard is stronger than it was in

1983. As a result, and in view of the significance
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of the effects reported in these clinical studies,
there is strong, but not unaninmous support for the
reconmendation that the Adm ni strator consider
establishing a new 1-hour standard for SO , exposures.
The Committee agrees that the range suggested by EPA
staff (0.2 - 0.5 ppn) is appropriate, with severa
menbers of the Commttee suggesting a standard from
the mddle of this range. The Conmittee concl udes
that there is not a scientifically denonstrated need

for a wide margin of safety for a 1-hour standard.

24- Hour Standard - The nore recent studies

presented and anal yzed in the 1986 Staff Paper
Addendum in particular, the episodic |ung function
studies in children (Dockery et al., and Dassen et
al.) serve to strengthen our previous conclusion
that the rationale for reaffirmng the 24-hour

standard is appropriate.

Annual Standard - The Conmittee reaffirns its

conclusion, voiced in its 1983 closure letter, that
there is no quantitative basis for retaining the

current annual standard. However, a decision to
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abol i sh the annual standard nust be considered in
the light of the total protection that is to be
offered by the suite of standards that will be

est abl i shed.

The above reconmendations refl ect the consensus
position of CASAC. Not all CASAC reviewers agree with
each position adopted because of the uncertainties
associated with the existing scientific data. However, a
strong majority supports each of the specific
recomendati ons presented above, and the entire Commttee
agrees that this letter represents the consensus

posi tion.

Secondary St andards

The 3-hour secondary standard was not addressed at

this revi ew



APPENDI X Il to the Preanbl e

June 1, 1994

Honor abl e Carol M Browner

Adm ni strat or

U.S. Environnmental Protection Agency
401 MSt., S.W

Washi ngton, D.C. 20460

Subject: Cdean Air Scientific Advisory Conmttee C osure
on t he Supplenents to Criteria Docunent and Staff

Position Papers for SO,

Dear Ms. Browner:

The Clean Air Scientific Advisory Conmttee (CASAQ
at a neeting on April 12, 1994, conpleted its review of
t he docunents: Supplenent to the Second Addendum (1986)
to Air Quality Criteria for Particulate Matter and Sul fur
Oxi des; Assessnent of New Findings on Sul fur D oxide and

Acut e Exposure Health Effects in Asthmatics; and Revi ew
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of the National Anbient Air Quality Standards for Sul fur
Oxi des: Updated Assessnent of Scientific and Technica
I nformation, Supplenment to the 1986 QAQPS Staff Paper
Addendum The Committee notes, with satisfaction, the
i nprovenents made in the scientific quality and

conpl et eness of the docunents.

Wth the changes recommended at our March 12
session, witten coments submtted to the Agency
subsequent to the neeting, and the najor points provided
bel ow, the docunents are consistent with the scientific
evi dence avail abl e for sulfur dioxide. They have been
organi zed in a logical fashion and should provide an
adequate basis for a regul atory decision. Neverthel ess,
there are four major points which should be called to

your attention while review ng these material s:

1. A wi de spectrum of views exists anong the asthnma
specialists regarding the clinical and public health
significance of the effects of 5 to 10 m nute
concentrations of sulfur dioxide on asthmatics engaged in
exercise. On one end of the spectrumis the view that

spironmetric test responses can be observed foll ow ng such
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short-term exposures and they are a surrogate for
significant health effects. Al so, there is sonme concern
that the effects are underesti mated because noderate

ast hmatics, not severe asthmatics, were used in the

clinical tests.
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At the other end of the spectrum the significance of the
spironetric test results are questioned because the
response is simlar to that evoked by other commonly
encount ered, non-specific stinmuli such as exercise al one,
cold, dry air inhalation, vigorous coughing,

psychol ogi cal stress, or even fatigue. Typically, the
bronchoconstriction reverses itself within one or two
hours, is not acconpanied by a | ate-phase response (often
nore severe and potentially dangerous than the i nmedi ate
response), and shows no evidence of cunul ative or |ong-
termeffects. |Instead, it is characterized by a short-
term period of bronchoconstriction, and can be prevented

or aneliorated by beta-agonist aerosol inhalation.

2. It was the consensus of CASAC that the exposure
scenario of concern is a rare event. The sensitive
population in this case is an unnedi cated asthnmatic
engaged i n noderate exerci se who happens to be near one
of the several hundred sul fur dioxide sources that have
the potential to produce high ground-I|evel sulfur dioxide
concentrations over a small geographical area under rare
adverse neteorol ogi cal conditions. |In addition, CASAC

poi nted out that sul fur dioxide em ssions have been
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significantly reduced since EPA conducted its exposure
anal ysis and em ssions will be further reduced as the
1990 G ean Air Act Anendnents are inplenented.

Consequent |y, such exposures will becone even rarer in

the future

3. It was the consensus of CASAC that any regul atory
strategy to aneliorate such exposures be risk-based -
targeted on the nost |ikely sources of short-term sul fur
di oxi de spi kes rather than inposing short-term standards
on all sources. Al of the nine CASAC Panel nenbers
reconmended that Option 1, the establishnment of a new 5-
m nutes standard, not be adopted. Reasons cited for this
reconmendation included: the clinical experiences of
many ozone experts which suggest that the effects are
short-term readily reversible, and typical of response
seen with other stinmuli. Further, the commttee viewed
such exposures as rare events which will even becone
rarer as sul fur dioxide em ssions are further reduced as
the 1990 anmendnents are inplenented. |In addition, the
commttee pointed out that enforcenent of a short-term

NAAQS woul d require substantial technical resources.
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Furthernore, the commttee did not think that such a

standard woul d be enforceabl e (see bel ow).

4. CASAC questioned the enforceability of a 5-mnute
NAAQS or "target level."” Although the Agency has not
proposed an air nonitoring strategy, to ensure that such
a standard or "target level” would not be exceeded, we
infer that potential sources would have to be surrounded
by concentric circles of nonitors. The operation and
mai nt enance of such nonitoring networks woul d be
extremely resource intensive. Furthernore, current
instrunmentation used to routinely nonitor sulfur dioxide
does not respond quickly enough to accurately

characterize 5-m nute spikes.

The Committee appreciates the opportunity to
participate in this review and | ooks forward to receiving
notice of your decision on the standard. Please do not
hesitate to contact ne if CASAC can be of further

assi stance on this natter.

Si ncerely,
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Ceorge T. Wl ff, Ph.D.

Chair, Cean Air
Scientific

Advi sory Committee

Li st of Subjects

40 CFR Part 50

Envi ronnmental protection, Air pollution control, Carbon
nonoxi de, Lead, N trogen di oxi de, Ozone, Particul ate
matter, Sul fur oxides.

40 CFR Part 53

Envi ronnmental protection, Adm nistrative practice and
procedure, Air pollution control, Carbon nonoxide, Lead,
Ni t rogen di oxi de, Ozone, Particulate matter, Reporting
and recor dkeepi ng requirenents.

Dat ed: Novenber 1, 1994.

Carol M Browner,

Adm ni strator.
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For the reasons set forth in the preanble, chapter
of title 40 of the Code of Federal Regul ations as
foll ows:

PART 50 - NATI ONAL PRI MARY AND SECONDARY AMBI ENT Al R
QUALI TY STANDARDS

1. The authority citation for part 50 continues to

read as follows:

Authority: Secs. 109 and 301(a), Clean Air Act, as
anended (42 U. S. C. 7409, 7601(a)).

2. Section 50.4 is revised to read as foll ows:
850.4 National primary anmbient air quality standards for

sul fur oxides (sulfur dioxide).

(a) The level of the annual standard is 0.030 parts
per mllion (ppm, not to be exceeded in a cal endar year.
The annual arithnetic nmean shall be rounded to three
deci mal places (fractional parts equal to or greater than
0. 0005 ppm nust be rounded up).

(b) The level of the 24-hour standard is 0.14 parts
per mllion (ppm, not to be exceeded nore than once per
cal endar year. The 24-hour averages shall be determ ned
from successi ve nonoverl appi ng 24-hour bl ocks starting at

m dni ght each cal endar day and shall be rounded to two
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deci mal places (fractional parts equal to or greater than
0. 005 ppm nmust be rounded up).

(c) The level of the 5-minute standard is 0.60 parts
per mllion (ppm, not to be exceeded nore than once per
cal endar year, as determ ned in accordance w th appendi x
| to this part.

(d) Sul fur oxides shall be neasured in the anbient
air as sulfur dioxide by the reference nethod descri bed
in Appendix Ato this part or by an equival ent nethod
designated in accordance with part 53 of this chapter.

(e) To denonstrate attai nnent, the annual arithmetic
mean and the second- hi ghest 24-hour averages nust be
based upon hourly data that are at |east 75 percent
conplete in each cal endar quarter. A 24-hour bl ock
average shall be considered valid if at |east 75 percent
of the hourly averages for the 24-hour period are
available. In the event that only 18, 19, 20, 21, 22, or
23 hourly averages are avail abl e, the 24-hour bl ock
average shall be conputed as the sumof the avail able
hourly averages using 18, 19, etc. as the divisor. |If
| ess than 18 hourly averages are avail able, but the 24-
hour average woul d exceed the | evel of the standard when

zeros are substituted for the m ssing val ues, subject to
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the rounding rul e of paragraph (b) of this section, then
this shall be considered a valid 24-hour average. In
this case, the 24-hour block average shall be conputed as

the sum of the available hourly averages divided by 24.

3. Section 50.5 is revised to read as foll ows:
850.5 National secondary anmbient air quality standard for
sul fur oxides (sul fur dioxide).

(a) The level of the 3-hour standard is 0.5 parts
per mllion (ppm, not to be exceeded nore than once per
cal endar year. The 3-hour averages shall be determ ned
from successi ve nonover | appi ng 3-hour bl ocks starting at
m dni ght each cal endar day and shall be rounded to 1
deci mal place (fractional parts equal to or greater than
0. 05 ppm nust be rounded up).

(b) Sul fur oxides shall be neasured in the anbient
air as sulfur dioxide by the reference nethod descri bed
in appendix A of this part or by an equival ent nethod

designated in accordance with Part 53 of this chapter.
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(c) To denonstrate attai nnent, the second-hi ghest 3-
hour average nust be based upon hourly data that are at
| east 75 percent conplete in each cal endar quarter. A 3-
hour bl ock average shall be considered valid only if al
three hourly averages for the 3-hour period are
available. If only one or two hourly averages are
avai | abl e, but the 3-hour average woul d exceed the | evel
of the standard when zeros are substituted for the
m ssing val ues, subject to the rounding rule of paragraph
(a) of this section, then this shall be considered a
valid 3-hour average. 1In all cases, the 3-hour bl ock
average shall be conputed as the sum of the hourly

aver ages divided by 3.
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4. Appendix | is added to part 50 to read as foll ows:
Appendix | to Part 50 -- Interpretation of the 5-M nute

National Ambient Air Quality Standard for Sul fur Di oxide
1.0 Ceneral .

1.1 This appendi x expl ains the conputations necessary
for anal yzing sul fur dioxide data to determ ne attai nnment
of the 5-m nute standard specified in 40 CFR 50. 4.

Sul fur dioxide is nmeasured in the anbient air by the
reference nmethod specified in Appendix A of this part or
an equi val ent nethod designated in accordance with part
53 of this chapter.

1.2 Several terns used in this appendi x nust be defi ned.

A "5-mnute hourly maxi mum* for SO , refers to the highest
of the 12 possi bl e nonoverlapping 5-minute SO , averages
cal cul ated or neasured during a clock hour. The term
"exceedance" of the 5-mnute standard neans a 5-m nute
hourly maximumthat is greater than the |evel of the 5-

m nute standard after rounding to the nearest hundredth
ppm (i.e. values ending in or greater than 0.005 ppm are
rounded up; e.g., a value of 0.605 would be rounded to

0. 61, which is the smallest value for an exceedance).

The term"year" refers to a calendar year. The term

"quarter" refers to a calendar quarter. The 5-m nute SO
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standard is expressed in terns of the nunber of
exceedances per year after adjusting for missing data (if
required) and after averaging over a two year period.

2.0 Attai nnent Deternination

2.1 Under 40 CFR 50.4(c) the 5-minute standard is

attai ned when the nunber of exceedances per year is |ess
than or equal to one. 1In general, this determnation is
to be made by recording the nunber of 5-mnute hourly
maxi num exceedances at a nonitoring site for each year
using the calculations in section 3.2 to conpensate for

m ssing data (if required), averagi ng the nunber of
exceedances over a two year period, and conparing the
nunber of exceedances (rounded to the nearest integer) to
t he nunber of all owabl e exceedances.

2.2 There are less stringent requirenents for show ng
that a nonitor has failed an attainnment test and thus has
recorded a violation of the sulfur dioxide standards.

Al though it is necessary to neet the m ni num data

conpl eteness requirenments to use the conputationa
formul a described in section 3.2, this criterion does not
apply when there are obvi ous nonattai nment situations.

For exanple, when a site fails to neet the conpl eteness

criteria, nonattai nnent of the 5-m nute standard can
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still be established on the basis of the observed nunber
of exceedances in a year (e.g. three observed exceedances
in a single year).
3.0 Calculations for the 5-M nute Standard.

3.1 Calculating a 5-M nute Hourly Maxi num A 5-m nut e

hourly maxi mum value for SO , is the highest of the 5-

m nute averages fromthe twel ve possi bl e nonoverl appi ng
periods during a clock hour. These 5-m nute val ues shal
be rounded to the nearest hundredth ppm (fractional

val ues equal to or greater than 0.005 ppm are rounded
up). A 5-mnute maxi mum shall be considered valid if (1)
5-m nute averages were available for at | east 9 of the
twel ve five-mnute periods during the clock hour or (2)

t he value of the 5-m nute average exceeds the |evel of

t he 5-m nute standard.

3.2 Calculating Estimated Exceedances for a Year.

3.2.1 Because of practical considerations, a 5-mnute
maxi mum SO, val ue may not be avail able for each hour of
the year. To account for the possible effect of

i nconpl ete data, an adjustnment nust be nmade to the data
collected at a particular nonitoring |location to estinate
t he nunber of exceedances in a year. The adjustnent is

made on a quarterly basis to ensure that the entire year
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is adequately represented. In this adjustnent, the
assunption is made that the fraction of m ssing val ues
t hat woul d have exceeded the standard | evel is identical
to the fraction of neasured val ues above this |evel.
3.2.2 The conputation for inconplete data is to be nade
for all NAMS and SLAMS sites with 50 percent to 90
percent conplete data in each quarter. |If a site has
nore than 90 percent conplete data in a quarter, no
adjustnment for mssing data is required. |If a site has
| ess than 50 percent conplete data in a quarter, no
adjustnment for mssing data is required and the observed
exceedances are used. To denonstrate attainment, a site
must have at |east 75 percent conplete data in each
quarter.
3.2.3 The estimate of the expected nunber of
exceedances for the quarter is equal to the observed
nunber of exceedances plus an increnent associated with
the mssing data. The follow ng formula nust be used for
t hese conput ati ons:

€, = Vg + [(vyny) X (Ngy-ng] = vy X N/n, [1]
wher e

e, = the estimated nunber of exceedances for quarter
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v, = the observed nunber of exceedances for quarter
a,

N, = the nunber of hours in quarter g, and

n, = the nunber of hours in the quarter with valid

5-mnute hourly SO , nmaxi nuns
g = the index for each quarter, q =1, 2, 3 or 4.
The estimated nunber of exceedances for the quarter nust
be rounded to the nearest hundredth (fractional val ues
equal to or greater than 0.005 are rounded up).

3.2. 4 The esti mat ed nunber of exceedances for the

year, e, is the sumof the estimates for each quarter

g [2]

g=1
The estimated nunber of exceedances for a single year
nmust be rounded to one decimal place (fractional val ues
equal to or greater than 0.05 are rounded up).
3.2.5 The nunber of exceedances is then estimted by
averagi ng the individual annual estimates over a two year
period, rounding to the nearest integer, and conparing
with the all owabl e exceedance rate of one per year
(fractional values equal to or greater than 0.5 are

rounded up; e.g., an estimted nunber of exceedances of
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1.5 woul d be rounded to 2, which is the | owest value for
nonat t ai nnment) .
3.2.6 Exanple.
i. During the nost recent quarter, 1210 out of a possible
2208 5-m nute hourly maxi nuns were recorded, with one
observed exceedance of the 5-m nute standard. Using
formula [1], the estinmated nunber of exceedances for the
quarter is

e = 1 x 2208/ 1210 = 1.825 or 1.83
ii. If the estimted exceedances for the other four
gquarters were 0.0, then using fornula [2], the estinmated
nunber of exceedances for the year is

1.83 + 0.0 + 0.0 + 0.0 =1.83 or 1.8

iii. If the estimted nunber of exceedances for the

previous year was 0.0, then the expected nunber of
exceedances is estinmated by

(1.8 + 0.0)/2 =0.90r 1
Since 1 does not exceed the allowabl e nunber of
exceedances, this nonitoring site would not fail the
attai nnent test.
PART 53 - AMBI ENT Al R MONI TORI NG REFERENCE AND EQUI VALENT

MVETHODS
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1. The authority citation for part 53 continues to read
as follows:

Aut hority: Sec. 301(a) of the Cean Air Act (42

U S.C. sec. 1857g(a)), as amended by sec. 15(c)(2) of

Pub. L. 91-604, 84 Stat. 1713, unl ess otherw se noted.

2. Section 53.20 is anmended by adding two sentences to
the end of paragraph (b) by the revising the table
to paragraph (c) to read as follows:

853. 20 General provisions.

(b) * * * Candidate nethods for sulfur dioxide nay be

additionally approved for use in obtaining 5-m nute

aver age concentration nmeasurenents by neeting all of the

specified requirenents for both the 0 to 0.5 ppmand 0 to

1.0 ppmranges and neeting the suppl enent al

specifications for rise and fall tine given in Table B-1.

Such additional approval for 5-mnute nonitoring shall be

i ncluded in any equival ent nethod desi gnati on

determ nation for the nethod and shall be identified in

t he FeperaL Rea sTER noti ce of designation required under

853.8(a), the notice to the applicant required under

853.8(b), and the |ist of designated nethods required

under 853. 8(c).
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(C) * * %

Tabl e B-1--Performance Specifications for Automated

Met hods
Photo- Definitions
Performance parameter Sulfur chemical Carbon Nitrogen and test
Units dioxide oxidants monoxid dioxide procedures
e
1. Range ppm? 0-0.5 0-0.5 0-50 0-0.5 | Sec.53.23(a)
Supplemental, 5-minute? ppm 0-1.0
2. Noise ppm 0.005 0.005 0.50 0.005 | Sec.53.23(b)
3. Lower detectable limit ppm 0.01 0.01 1.0 0.01 | Sec.53.23(c)
4. Interference equivalent Sec.53.23(d)
Each interferant ppm +0.02 +0.02 +1.0 +0.02
Total interferant ppm +0.06 +0.06 +1.5 +0.04
5. Zero drift, 12 and 24 hour ppm +0.02 +0.02 +1.0 +0.02 | Sec.53.23(e)
6. Span drift, 24 hour Sec.53.23(e)
20 percent of upper range limit Percent +20.0 +20.0 +10.0 +20.0
80 percent of upper range limit Percent +5.0 +5.0 +2.5 +5.0
7.Lagtime minutes 20 20 10 20 | Sec.53.23(e)
8. Rise time minutes 15 15 5 15 | Sec.53.23(e)
Supplemental, 5-minute® minutes 2
9. Fall time minutes 15 15 5 15 | Sec.53.23(e)
Supplemental, 5-minute? minutes 2
10. Precision Sec.53.23(e)
20 percent of upper range limit ppm 0.010 0.010 0.5 0.020
80 percent of upper range limit ppm 0.015 0.010 0.5 0.030
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Parts per million by volume. To convert from parts per million to ug/m®at 25° C and 760 mm Hg, multiply
by M/0.02447, where M is the molecular weight of the gas.
Supplemental specifications applicable to sulfur dioxide equivalent methods to be additionally approved

for use for 5-minute monitoring.

* k k k %
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